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ABSTRACT*
A brief summary of previous literature on 
vertebrate chromatic responses is presented. %ie
influence of pituitary preparations on the responses 
of the melanophores of teleosts and of other chromatic 
vertebrates is examined and a new classification of 
teleost melanophore responses proposed.
The time relations of melanophore and erytiirophore 
response in Phoxinus and melanophore responses in 
Ameiurus and Rana to injections of teleost pituitary 
material have been examined.
A method of assay, using Phoxinus as test animal, 
for the melanophore-aggregating hormone is proposed.
The distribution of minnow melanophore-aggregating 
and erythrophore-dispersing, and frog melanophore- 
dispersing activity in the minnow pituitary closely 
mirrors the distribution of the meta-adenohypophyseal 
cells.
Experiments with peptic and tryptic digestion 
suggest that these factors are polypeptide in nature.
The influence of alkaline extraction on these 
factors has been examined and it is suggested that the 
results can be interpreted in terms of a single 
polypeptide hormone.
All three factors are substantially soluble in 
alcohol.
«)
Electrophoretic analysis of teleost pituitary 
material failed to separate the minnow melanophore- 
aggregating activity from the minnow erythrophore- 
dispersing and frog melanophore-dispersing factors. 
Similar results were obtained with paper and column 
chromatography *
The responses of hypophyseotomised spinal-sectioned 
Phoxinus are, qualitatively, the same as those of 
spinal-sectioned fish with intact pituitaries.
The ©rythrophore response of Phoxinus is stronger 
in black-adapted than in white-adapted fish.
The ^bihumoral hypothesis’ of Hogben & Slome 
(1931> 1936) has been critically examined. The time 
relations of colour change provide no evidence in favour 
of a two-hormone control.
It is concluded that the evidence in favour of 
a bihuraoral control of teleost melanophores is 
insufficient to deny the possibility that these responses 
are in fact under the control of a single, polypeptide, 
hormone.
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Chapter 1.
INTRODUCTION.
The earliest workers in the field of teleost colour 
changes were concerned largely with the control of the 
chromatophores by the nervous system. That the 
chromâtophor63 of many species of teleosts are innervated 
was first fully established by Pouohet (1871, 1872) in 
the turbot (Soopthalmus maximus), and confirmed by 
von Frisch (1911) on the minnow (Phoxinus phoxinus ), and 
subsequently by many other workers. Indications that 
the chromatophores of teleosts might be subject to 
non-nervous influences came from von Frisch’s work on 
the minnow and from the observations of Spaeth (1913^ > b) 
on the influence of adrenalin on the isolated scales of 
the killifish, Fundulus. The work of Giersberg (1930, 
1932) on the minnow confirmed the role of hormones, 
particularly those of the pituitary gland, in the control 
of teleost chromatophores.
Of the many types of chromatophores found in teleosts 
(cited in Parker, 1948) only two or three have been the 
subject of experimental investigation. The majority 
of workers on teleost colour change have concentrated 
their attention on the activities of the melanophores
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and of the lipophores (xanthophores and erythrophores). 
These cells are responsible, in most teleosts, for the 
rapid changes of colour that can be achieved by these 
fishes.
Three main lines of enquiry have been followed in 
attempts to elucidate the physiology of the pituitary 
control of these chromatophores. Firstly, observation 
of the response of the chromatophores to treatment with 
pituitary extracts; secondly, observation of the influence 
of the removal of the pituitary, either partially or 
in its entirety; thirdly, observation of the behaviour 
of the chromatophores in intact or operated fish following 
changes in illumination or background colour.
Injection of pituitary material into teleosts has 
various effects depending on the precise source of the 
pituitary preparation and the identity of the recipient 
fish. A number of workers have examined the responses 
of teleost melanophores and lipophores to injections of 
various commercial and other non-teleost pituitary 
preparations. The results obtained are confusing.
In the majority of species tested injections of pituitary 
material from non-teleost sources either have no effect 
on the melanophores or lipophores, or result in 
dispersion of one or both types of chromatophore.
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In other species, notably Phoxinus phoxinus and Fundulus 
heteroclitus, the results obtained vary from author to 
author.
The response of melanophores and lipophores to 
injections of teleost pituitary material is more 
consistent and appears to depend on the identity of 
the recipient species rather than on the identity of the 
donor. Thus material from a wide variety of teleost 
donors appears invariably to elicit melanophore-aggregation 
in Phoxinus phoxinus and melanophore-dispersion in 
Ameiurus nebulosus. Lipophores respond, with only a 
very few exceptions, to such material by dispersion.
Pickford & Atz (1957) divide the teleosts into two 
major groups on the basis of their responses to pituitary 
hormones; Group I in which active preparations of 
pituitary origin always elicit melanophore-dispersion, 
and Group II in which crude pituitary extracts and a 
number of impure commercial preparations induce 
melanophore-aggregation, while highly purified intermedin 
has little or no effect. Group II is further 
subdivided to accommodate species such as Phoxinus 
phoxinus where the melanophores are apparently sensitive 
to both intermedin and melanophore-aggregating hormone 
under appropriate conditions. Further discussion of 
this scheme is made in a later section.
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The observations summarised above apply to intact 
fish. A number of experiments on denervated melanophores 
have been reported. Of particular interest are the 
observations made on Fundulus heteroclitus. The 
melanophores of the intact killifish, if they respond 
at all, almost invariably aggregate following treatment 
with pituitary extracts. After denervation, however, 
the response is usually one of dispersion. Purified 
sheep intermedin has no effect on innervated Fundulus 
melanophores but causes dispersion in denervated ones 
(Abramowitz, 1937b). Fries (1943) found that while 
Fundulus whole gland causes aggregation of innervated 
Ituidulus melanophores, the denervated melanophores j '\
disperse. Frog neuro-intermediate lobe has no effect 
on innervated Fundulus melanophores but induces dispersion 
in cells which have been denervated. Of the other 
species in which the effect of denervation on the response 
of the melanophores to injections of pituitary material 
has been observed no qualitative difference between the 
innervated and denervated melanophores has been reported.
Injections of teleost pituitary material into 
a number of amphibian species, an elasmobranch fish 
Urobatis and a reptile Anolis cause melanophore-dispersion 
in the recipients; these observations provide the
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experimental basis for the generally aooepted view 
that all teleost pituitaries contain intermedin or 
an intermedin-like hormone.
Injection experiments provide considerable data 
concerning the response of teleost melanophores to 
pituitary hormones but they do not lead to any great 
understanding of the way in which colour changes are 
controlled in the fish by these hormones. Moreover, 
they do not show that such hormones have, in fact, any 
role in normal colour changes. In order to examine 
further the part played by the pituitary in normal 
colour changes a number of workers have made use of 
techniques of complete and partial hypophysectomy.
For a full understanding of the role of the pituitary 
in teleost colour change mention must be made of 
experiments made on other chromatic vertebrates, in 
particular elasmobranchs and amphibians, and observations 
relating to these groups will be introduced frequently 
in the following pages. It should also be noted 
that in many teleosts colour changes, particularly those 
related to the colour of the substratum, are in the 
first instance controlled by the activities of the 
sympathetic nervous system (cited in Parker, 1948) and 
the interpretation of the results of operations on the 
pituitary gland must be related to this fact.
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Giersberg (1932) observed that destruction of 
the pituitary in Phoxinus phoxinus prevented the normal 
dispersion of the lipophores in response to yellow or 
red backgrounds. ' Healey (1940, 1948) used a more 
refined technique for hypopaysectomy and confined his 
observations to the response of the melanophores.
He found that total Iriyp ophy sect omy of the otherwise 
intact minnow impaired maintenance of white and black 
background adaptation and that the colour of the fish 
tended to fluctuate. Total hypophyseotomy of fish 
in which the melanophores were isolated from central 
nervous control by spinal-section anterior to vertebra 
15 (von Frisch, 1911) resulted in the abolition of any 
ability to adapt to background and the fish remained 
dark regardless of the background colour. If a 
portion of the anterior lobe of the pituitary was left 
undamaged both intact and spinal-sectioned fish could 
adapt to a white background; removal of the intermediate 
lobe (meta-adenohypopiiysis) upset the normal maintenance 
of the black background response in both intact and 
spinal-sectioned individuals.
The implication of these experiments on Phoxinus 
is that the pituitary produces two factors, one responsible 
for the maintenance of the white background response
7.
and apparently associated with the anterior lobe, and 
one responsible for the maintenance of the black 
background response and associated with the intermediate 
lobe. The only other teleost in which partial 
hypophyseotomy has been achieved is Anguilla anguilla. 
Waring (1940) found that total hypophyseotomy of the 
eel resulted in the fish settling to an intermediate 
colour independent of the background. Removal of 
the anterior lobe alone resulted in dispersion of the 
melanophores under all conditions of illumination and 
background. These experiments suggest that in this 
species too there is a melanophore-aggregating hormone 
associated with the anterior lobe.
Observations on the effect of complete and partial 
hypophyseotomy on the background responses of elasmobranchs 
and amphibians suggest that in these groups also a 
melanophore-aggregating hormone may be associated with 
the pars anterior or pars tuberalis while a melanophore- 
dispersing hormone is produced in the pars intermedia. 
Hogben & Winton (1923) experimented on Rana temporaria 
and found that complete hypophyseotomy resulted in a 
state of maximal aggregation of the melanophores under 
conditions in which intact frogs showed melanophore- 
dispersion. Removal of the anterior lobe alone did
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not prevent darkening. Hogben & Slome (1931) found 
that in Xenopus laevis the black background response 
depended on the presence of the posterior lobe of the 
pituitary while the white background response depended 
on the presence of the anterior lobe. Waring (1942) 
found in Scyllium canioula that removal of the 
neuro-intermediate lobe alone or together with the 
anterior lobe resulted in maximal aggregation of the 
melanophores irrespective of background. Removal 
of the anterior lobe alone resulted in maximal 
melanophore dispeision irrespective of background.
Similar results were obtained with Squalus acanthias.
A number of teleost species have been subjected 
to complete hypophyseotomy. The results obtained in 
many cases vary from author to author and are difficult 
to interpret. In Ameiurus nebulosus Parker (1934) 
reported that hypophyseotomy had little or no effect 
on the melanophore responses. This observation was 
confirmed by Abramowitz (193b). Osborn (1938a, b), 
on the other hand, found that conditions which induced 
complete melanophore dispersion in normal fish caused 
only about one-third of the dispersion in hypophyseotomised 
fish. Veil (1937) and Thibault & Thibault (1947) 
found that hypophyseotomy resulted in complete
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melanophore-aggregation for up to 10 months. In 
Anguilla anguilla, contrary to Waring’s observations 
(1940), Vilter (1945» 1946) found that both adults and 
elvers remained pale after the operation, the adults 
for up to 20 days, while on a black background.
In Fundulus heteroclitus Matthews (1933) observed 
no effect several weeks after hypophyseotomy and these 
observations are confirmed by those of Desmond (I924), 
Fries (1943) and Pickford (1953)• Abramowitz (1937b) 
found that there was little effect on the melanophores 
if they were innervated, but that denervated melanophores 
failed to give the black background response.
The observations of Enami (1955) on the catfish 
Parasilurus asotus are of particular interest.
He found that a melanophore-aggregating principle could 
be separated from the pituitary by treatment with ethanol, 
being concentrated in the ethanol-soluble fraction. 
Injection of this material caused a general pallor in 
hypophyseotomised Parasilurus. Partition of the 
pituitary showed that the highest concentration of this 
hormone occurred in the meso-adenohypophysis but that 
it was also present in about one-quarter of the 
concentration in the hypothalamus, particularly in the 
region of the nucleus lateralis tuberis. The level
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of hormone in the hypothalamus remained unaltered after 
hypophyseotomy; transection of the pituitary stalk 
resulted in a considerable decrease in the concentration 
of the hormone in the meso-adenohypophysis. It was 
therefore suggested that the hormone was a neurosecretory 
product of the hypothalamus.
Imai (1958) extended Enami’s work, using pituitary 
material from carp, Cyprinus carpio, and claimed to 
have separated melanophore-aggregating and meIanophore- 
dispersing fractions from this material by electrophoresis 
and chromatography on paper. He was unable, however, 
to make any suggestions as to the chemical nature of the 
melanophore-aggregating principle.
Hogben & Slome (I93I) working on Xenopus laevis 
considered that the time relations of colour change in 
that species provided evidence in favour of the existence 
of a bihumoural control of the melanophore responses.
They examined the time necessary for equilibrium to be
reached following transfers from illuminated black
and white backgrounds to darkness, transfers from
darkness to illuminated black and white backgrounds
and illuminated background reversals. These observations
were extended in 193b by the same authors. They
found that in darkness the melanophores of Xenopus
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were in an intermediate condition; on the basis of 
the fluctuation of a single hormone this would 
represent an intermediate hormone level. The 
melanophores were fully dispersed on a black background 
in light (maximum level of hormone) and fully 
aggregated on an illuminated white background (minimum 
level of hormone). They argued that if only one 
hormone were involved in the control of the colour 
changes the time taken to reach an equilibrium following 
transfer from a white to a black illuminated background 
should be longer than that taken to reach equilibrium 
following transfer from a white illuminated background 
to darkness involving as it does the production of more 
hormone. In Xenopus they observed that this was not 
the case, and they were led to propose that a single 
hormone hypothesis did not adequately explain the observed 
data. They therefore proposed that the control of
colour change in Xenopus was achieved by the balance of 
two hormones, a B hormone (melanophore-dispersing) 
and a W hormone (melanophore-aggregating).
Neill (1940) and Healey (1951) have examined the 
time relations of the colour changes of teleost fishes. 
Neill worked on iuiguilla anguilla, in which the influence 
of the nervous system on colour change has been shown
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to be very slight (Waring, 1940). Analysis of the 
time relations of colour change led Neill to propose, 
on the basis of the arguments of Hogben & Slome (1931, 
1936), that in Anguilla there is a bihumoral control 
of colour change.
Healey (1951) examined the time relations of 
colour change in the minnow (Phoxinus phoxinus) 
following spinal-section anterior to the 15th vertebra.
In fish operated in this manner the nervous control of 
the melanophores is removed and the pituitary alone is 
responsible for the reactions which are much slower 
than in the intact fish. In this species the time 
relations of colour change when considered in the light 
of Hogben & Hlome’s arguments are also such as to 
support a bihumoral control of the melanophore responses.
The observations summarised above provide a brief 
outline of the present knowledge of the physiology 
of the control of teleost colour changes by pituitary 
hormones. A more detailed discussion of the 
literature has been reserved for inclusion in those 
parts of the following text where it is most relevant.
The foregoing paragraphs, however, indicate the nature 
of the problems still remaining in this branch of 
chromatic physiology. These are numerous.
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While there can be no doubt that the pituitary plays 
a role in colour change and that hormones with an 
effect on the chromatophores can be detected in the 
pituitary the precise site of production of these 
hormones is still not clear. Enami’s work (1955) 
suggests that one at least may be hypothaÿmic in origin, 
with the pituitary merely acting as a storehouse.
Few attempts have been made to isolate the hormones of 
the teleost pituitary with a view to establishing their 
precise nature and effects on colour change. The 
evidence in favour of the existence of more than one 
pituitary hormone with a chromatic function is almost 
all of an indirect nature. While many authors have 
assumed that the melanophore-dispersing principle 
in teleost pituitary extracts is similar both in 
structure and in its effects to the mammalian hormone 
intermedin there is no chemical evidence to support this 
view.
The experiments to be described have been made 
with the intention of clarifying some of these points.
14.
Chapter 2.
MTiiRIALS AND METHODS.
A. Introduction.
While a number of species have been used in the 
investigations described in this thesis the majority 
of the experiments have involved the European minnow 
(Phoxinus phoxinus), the catfish (Ameiurus sp.), 
and the frog (Rana temporaria). A general description 
of the techniques used in handling these species at 
this point will prevent an unnecessary burdening of 
the text in later sections. Techniques concerned 
with operations and with the preservation and extraction 
of the pituitary hormones will also be described here. 
Where methods or materials not mentioned in this chapter 
have been used they are described in detail in the 
appropriate parts of the text.
B. The minnow, Phoxinus phoxinus L.
Of the many European teleost fishes which have 
been investigated by workers on colour change the 
minnow has received the most attention. Since the 
work of von Frisch (I9II) on the nervous control of 
colour change in this species many workers have used
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the minnow in similar investigations. Reference 
may be made to Abolin (1925), Hewer (1926),
Giersberg (1930, 1932), Smith (1931), Zondek & Krohn 
(1932a, b), Bôttger (1935), Healey (1940, 1948, 1951, 
1954), Reidinger (1952) and Gray (1955a, b, 1956a, b).
As a consequence of this attention the chromatic system 
of the minnow is as well known as that of any species 
of teleost. For this reason it was selected as the 
most suitable species for an investigation of the aspects 
of humoral control of colour change which are in need 
of clarification. In particular, the minnow is 
extremely sensitive to the melanophore-aggregating hormone 
of teleost pituitary extracts for the assay of which 
it has been mainly used in those investigations.
B 1. Source of the minnows.
The investigations were begun in Aberystwyth.
Minnows used in some preliminary experiments were 
obtained from Blaenmelindwr Lake in Cardiganshire.
However, the majority of the experiments have been made 
on minnows obtained from St. Martin’s Aquaria and Pet 
Stores in Upper St. Martin’s Lane, London, W.C.l.
These fish come from rivers in the London area, 
particularly in Hertfordshire. No difference in
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behaviour was noted between batches obtained at 
different times and it has been assumed that no such 
difference existed.
B 2. Maintenance of the minnows in the laboratory.
In Aberystwyth the fish were kept in well aerated 
water in earthenware sinks, in London in running tap 
water in white porcelain sinks. While in the 
laboratory the fish were fed on finely minced beef once 
or twice a week. The mortality rate was extremely 
low and the fish survived for many weeks in good 
condition. The London fish were slightly infected 
with parasites but these appeared to be without 
influence on the colour responses. The parasites 
identified in the London minnows included the 
Diplostomulum larva of Diplostomulum pelmatoides in 
the brain, but histological examination never revealed 
more than three or four such larvae in any single fish 
and it is unlikely that they influenced the chromatic 
behaviour of the fish.
B 5. Operations performed on the minnows.
(a) Injection. Injections into the minnow 
were made with a No. 20 hypodermic needle in all cases.
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The fish to be injected was removed from the tank and 
held belly upwards with the head to the right in a fine 
mesh net. The syringe was held in the right hand, 
the fish in the left, and the needle inserted into the 
body cavity about halfway between the pectoral and 
pelvic fins and to one side of the mid-line. By 
keeping the point of the needle as close to the body-wall 
as possible injections could be made without damage 
to the viscera. All fish used were between 60 and 
75 cam. in length. The amount of fluid injected 
never exceeded 0.1 ml. since volumes larger than this 
cause a back-pressure in the body cavity which results 
in leakage of the injected fluid. \Vhile attempts 
were made to inject intramuscularly it was found that 
it was extremely difficult to ensure the absence of 
leakage even with volumes as small as 0.025 ml.
For this reason the attempts were abandoned and all 
injections were made into the body cavity.
(b) Section of the spinal cord. Where it was 
considered desirable to experiment on melanophores 
separated from central neivous control the spinal cord 
was sectioned using the technique described by Healey 
(1948). The section was always made at the level of 
about the 7th and 8th vertebrae and all the fish
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used in experiments were fixed in Bouin’s fluid for 
3-4 weeks, then divided in half with a sharp razor 
blade and the extent of the operation confirmed.
The anaesthetic used was urethane in tap water.
After the operation the fish were hung in suitably 
painted aquaria in the way described by Healey (1948). 
Since such fish are liable to fungus infection at the 
site of the operation they were placed for 2-3 minutes 
in a 3^  salt solution two or three times during the 
week following the operation. Suoh treatment allowed 
the wound to heal in many cases without any infection.
It was found that nylon or terylene thread was preferable 
to cotton both for sewing up the wound after the 
operation and for hanging the fish in the aquaria. 
Stocking-repairing nylon was found to be sufficiently 
fine for sewing up the wound and Coates’ Gossamer 
Terylene thread was used for hanging the fish.
(o) Hypophyseotomy. Healey (1948) has described 
a technique for hypophyseotomy of the minnow involving 
an oral approach to the gland. Some preliminary 
operations using this technique suggested that an 
opercular approach such as that described by Abramowitz 
(1937a) might be more satisfactory. The technique
finally adopted is described below.
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The fish, previously anaesthetised in urethane, 
is placed on a block of wax and held on its left side 
with the head to the right by means of a pair of rubber 
bands looped over pins driven into the wax. The right 
operculum is removed with a fine pair of scissors and 
the opercular opening enlarged by cutting forward along 
the line of the jaw towards the mouth. The gill 
filaments are held back by a hook in order to provide 
a good view of the roof of the mouth. A small flap 
of mucous membrane overlying the pituitary is removed 
with fine scissors leaving the gland readily visible 
under the transparent bone. A hole is cut over the
posterior part of the pituitary with a fine dental burr, 
care being taken not to touch any of the blood vessels 
in the immediate vicinity. Once exposed the 
pituitary can be readily removed either by pushing 
the drill into the cavity and rotating it rapidly to 
fragment the gland and then washing out the fragments 
with Ringer, or by the use of small hooks inserted 
through the hole. The first of these methods is 
simpler and provided reasonable care is taken no damage 
to the brain is likely to ensue. When the operation 
is completed the fish is returned to an aquarium and 
allowed to recover. During the operation the exposed
20.
gill is kept moist by a fine jet of urethane in 
tap water. Hecovery from the operation was achieved 
in 70% of cases and the hypophysectomised fish 
survived up to 4 weeks provided that they were not 
subjected to any severe treatment; the handling 
necessary to make injections or to read the melanophore 
index was frequentlyfatloil. The extent of the operation 
was always checked histologically when the experiments 
were complete.
C. The catfish, Ameiurus sp.
The catfish has, like the minnow, been the subject 
of much experimental investigation, particularly by 
G. H. Parker and his school. The species generally 
used is Ameiurus nebulosus. The catfish used in
the experiments described in this thesis were obtained 
from St. Martin * s Aquaria and Pet Stores and were 
supplied as A. nebulosus. However the attention
of the author was drawn by Mr. J. D. Pye to the fact 
that two species of Ameiurus occur in Europe, A, nebulosus 
and A. melas. Examination of the preserved bodies 
of the catfish showed that, in fact, the majority of 
the fish were A. melas, though there were one or two 
specimens of A. nebulosus. For this reason less 
certainty can be placed on the results obtained with
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the catfish than would have been justified if they had 
all been of the same species.
In the laboratory before being used for experiments 
the fish were kept under the same conditions as those 
already described for minnows.
Injections were similarly made into the body cavity 
with Eo. 20 hypodermic needles. The volume of fluid 
injected never exceeded 0*1 ml. The fish used were 
between 60 and 80 mm. in length.
D. The common frog, Hana temporaria L.
Frogs were used in a number of experiments for 
the assay of melanophore-dispersing activity since 
their reactions to pituitary materials are well 
documented. The frogs were obtained from Messrs.
Haig Ltd. and kept in the laboratory, before being used 
for experiments, in white porcelain sinks in about 
3 cm. of running water. Though they are difficult 
to feed in captivity the animals remained healthy for 
several weeks. As soon as it appeared that they 
were losing condition the animals were discarded.
Injections were made into the dorsal lymph sac 
with a No. 20 hypodermic needle while the frog was held 
in a damp cloth. Volumes up to 0.5 ml. can be
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injected into frogs of 25 gm. weight without appreciable 
leakage but in most cases the volume of fluid injected 
did not exceed 0.2 ml.
E. The maintenance of animals during experiments and 
methods for observing chromatophores.
E 1. Fish. All experiments on fish described in
this thesis, unless otherwise stated, were made on 
animals kept in running water at 18^0. t 0.5^0.
Fig. 1 illustrates the arrangement used to achieve these 
conditions. Tap water (A) was led into a glass
coil (B) of 1 cm. bore and about 7 metres in length 
which was submerged in a glass tank (C) also filled 
with water. This surrounding water was heated with
a 2 kilowatt immersion heater (I)) and stirred by a 
stream of air from a diffuser (E) in the bottom of the 
tank. The water leaving the coil was passed into 
a tube (F) of about 4 cm. bore into which was inserted 
a dunvic thermostat (G). From the tube F water was 
led into four aquaria (H) which were painted black or 
white on the outside with an enamel paint ("Valspar"), 
according to the requirements of the experiment.
The thermostat was set to control the temperature of ' 
the water surrounding the coil through a Sunvie relay (J)
23.
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Pig. 1. Arrangement of experimental tanks and 
temperature control system.
For explanation see text (p. 22).
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and the 2 kW immersion heater, so that the water in
the tanks reached a temperature of 18^0. Provided
that the flow through the system was kept constant
it was found that this temperature could be regulated
to within ^ 0.5^0. in this manner independent of the 
tcwvf€Va.Vove
room and provided the incoming water was at 17 C. or 
A
less. In the summer the temperature of the mains 
water often exceeded this value and experiments were 
abandoned when this occurred. Overflow from the 
four aquaz'ia was achieved by the use of constant level 
siphons with air traps to minimise the risk of the 
blocking of the siphons by air bubbles and subsequent 
flooding. The tanks were on a bench close to a 
window from which they received considerable light 
during the day. Additional lighting during the day 
and at night was provided by a 40 watt pearl bulb 
situated in the centre of the arrangement of four tanks 
at a height of 60 cm. from the water level. '
Since intact mimiovtfs show excitement pallor on 
handling (Healey, 1951) it was necessary to ensure that 
readings of the chromatophores could be made as soon 
as possible after the removal of the fish from the 
aquaria. This was achieved by separating the fish 
in 250 ml. conical flasks with holes blown in the base
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through which the water could escape rapidly, though 
sufficiently small to prevent the escape of the fish, 
when the flask was removed from the aquarium. As 
soon as the water had drained from the flask (1-2 sec.) 
the fish was tipped through the neck onto a grid of 
glass rods cemented with Bostick sealing compound onto 
a glass plate and covered with another glass plate.
The grid v/as placed under the microscope and the 
appropriate readings made (leill, 1940). The time 
necessary to complete the operation was of the order 
of 5-10 sec.
Spinal-seotioned minnows do not show appreciable 
excitement pallor on handling and fewer precautions 
need be taken. The fish were suspended in the
aquaria in the manner described by Healey (1948).
To make readings they were removed, complete with thread, 
and laid on a glass plate on which a trough of 
Plasticine was formed. Bince the fish are incapable 
of much movement there was no need to cover them with 
a glass plate. Headings were made by placing the
plate under the microscope. This procedure was also 
used with hypophysectomised fish since in all the 
experiments involving hypophysectomy the operation was 
performed on individuals already spinal-sectioned.
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The treatment of intact catfish was rather 
different. It was observed in the course of some 
preliminary experiments that restricting the fish in 
250 ml. conical flasks as described above for the intact 
minnow prevented them from becoming fully pale on a 
white background. Similarly if already white-adapted 
free swimming fish were confined in the flasks on a 
white background they darkened appreciably, in some 
oases becoming nearly as dark as black-adapted fish.
This behaviour is similar to that observed by Gray 
(1956b) in minnows restricted in small tubes.
For this reason all catfish used in experiments were 
allowed to swim freely in the aquaria and were identified 
by making outs in the pectoral and pelvic fins.
In order to make readings of the melanophores the fish 
were removed from the aquarium with a small net and, 
holding them by the body, the tail was placed on a glass 
plate under the microscope. The fish rarely moved 
their tails for the short time necessary to make readings. 
The whole procedure from removal to replacement in the 
tank was completed in 10-15 sec. and the handling 
appeared to have no appreciable influence on the colour 
responses.
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Ë 2. Frogs. In experiments on frogs the animals 
were placed singly or in twos in suitably painted brevets 
with about 2 cm. of water in the bottom and covered 
with a sheet of glass. Illumination was provided by
light from an outside window in most oases. No 
attempt was made to control the temperature but the 
experiments were all made in a room in which the average 
temperature was about 18^0. and did not fluctuate by 
much more than 1^0. during the course of the experiment.
F. Melanophore and erythrophore readings.
Readings of the melanophores of both fish and frogs 
were based on the melanophore index described by 
Hogben & Gordon (1930) with some modifications.
The actual index used for each species is shown in 
Pig. 2.
In the minnow readings were made of the region B 
mioromelanophores and the region A macromelanophores 
(Healey, 1951). The position of these is illustrated 
in Pig. 3.
In the catfish readings were made of the macro­
melanophores of the tail region. No attempt was 
made to distinguish between dermal and epidermal forms 
of these melanophores since there was no appreciable 
difference in their responses.
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Pig. 2. Stages in the dispersion of the 
melanophores of the minnow, the catfish, and 
the frog. (Figure overleaf)
Pig. 3. Diagram of the tail region of a minnow 
to show the location of the A region macromelanophores 
and the B region mioromelanophores (after Healey, 1951). 
(Figure overleaf)
29 e
MINNOW
FROG
CATFISH
I 2 3
Fig. 2
Fig. 3
30.
In frogs readings were made of the melanophores 
of the web of the hind foot.
In all oases the actual figure determined for 
any particular observation represents an entirely 
subjective average of a group of at least 20 melanophores 
of the appropriate type. While this method has 
been criticised by a number of authors, particularly 
by Parker and his school, it nevertheless provides, 
with experience, the best way of measuring the 
melanophore responses. It yields useful information 
provided that it is realised that the amount of 
information which can be obtained from such data is 
limited by the arbitrary selection of values used in 
the melanophore index.
In many experiments on minnows the erythrophore 
response was observed in addition to the melanophore 
response. The number and distribution of erythrophores 
in the minnow is extremely variable and is influenced 
by the sex of the animal and the physiological state 
of the gonads. Attempts to read the erythrophores 
in the same way as the melanophores by the use of an 
erythrophore index were abandoned as impracticable 
because of the difficulty of finding suitable groups 
of cells which were not masked by melanophores to some
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extent. Accordingly all erythrophore responses 
were scored visually on the basis of the intensity of 
reddening around the bases of the pectoral and pelvic
fins, from (no erythrophore dispersion visible)
to +4"+ (very marked erythrophore dispersion).
Seven stages of expansion were recognised, scored as 
---, +4--, 4-4-t and 4-++. In view of
variability of individual fishes and the lack of 
refinement in the technique of scoring the erythrophore 
response the observations made on such responses should 
be regarded only as a general indication of the activity 
of the erythrophore8 and by no means as absolute values. 
Provided this is borne in mind it is possible to analyse 
the erythrophore response in much the same way as the 
melanophore response, albeit in a more general fashion.
Throughout the remainder of this thesis the term 
melanophore index is abbreviated to M.I., and the 
eytiirophore score to B.S., both in the text and on the 
figures.
G. Source and preparation of pituitary material.
The main source of pituitary material in th 
this investigation was the plaice, Pleuronectes platessa, 
Pituitaries from a number of other species were also
32.
used but the methods of removal, preservation and 
extraction were similar to those used for plaice.
Any essentially different techniques are described in 
detail in the appropriate parts of the text.
Plaice heads were obtained from Messrs.
Mao Fisheries in Marylebone High St., London, W.G.l 
some four to six days after capture. The pituitaries 
were removed by first making a single cut with a sharp, 
heavy knife to remove the top of the brain case.
The medulla oblongata was then separated from the spinal 
cord and the posterior part of the brain lifted forward 
and upwards until the pituitary could be seen attached 
by a short stalk to the brain. With a fine pair 
of forceps the pituitary was detached from the brain 
and dropped into acetone (2-3 ml. acetone per gland).
The heads were usually obtained in batches of 40-60 
and the pituitaries from the whole batch were dropped 
into the same acetone bath. As soon as the last 
head had been dealt with the pituitaries were transferred 
into a second bath of 100-200 ml. of acetone.
They were allowed to remain in this bath overnight 
and then transferred to a third bath of the same volume 
for a further 24 hours. They were then removed from 
the acetone and allowed to dry in a desiccator over
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oaloium chloride. The pituitaries were stored in 
the desiccator in this condition and at room temperature 
until required when they were powdered, weighed, and 
extracted in a variety of ways depending on the 
experimental requirements. Experiments showed that 
there was no significant change in potency of the dried 
material over a period of up to 18 months (Chapter 5). 
Material kept for longer than this still retained 
substantial ohroraactivating activity for up to 2^ years.
The precise methods of preparing the extracts from 
the acetone-dried powder are described where appropriate 
in the text.
H. Arrangement of figures and tables.
Figures and tables are placed as close to the 
relevant text as possible. In many oases two figures 
have been placed on one page to facilitate comparisons. 
The legends for such figures are given on the preceding 
page.
In the tables summarising the results of the present 
investigation figures in brackets under the mean values 
refer to the standard error of the mean calculated from
34
the formula
3x2 _
n
S.B. - V n - 1
Vertical lines through points on the figures illustrate 
graphically the extent of the S.E. of each point.
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Chapter 3.
THE INFLUENCE OF PITUITARY PREPARATIONS ON THE 
CHROMATOPHORES OF TELEOST FISHES.
Many workers have examined the responses of 
teleost chromatophores to preparations of pituitary 
material since the observation by Spaeth (I9I8 ) that 
Pituitrin caused melanophore-aggregation in Fundulus♦ 
Besides a variety of commercial preparations, presumably 
of mammalian origin, extracts made from the pituitaries 
of birds, amphibians and teleost fishes have been 
tested on a wide selection of teleost species.
A large number of these observations have been summarised 
in Tables 1 and 2.
Unlike amphibians in which the response of the 
melanophores to pituitary preparations is one of 
dispersion, the responses of teleost chromatophores 
and particularly those of the melanophores, judged on 
the basis of the results summarised in Tables 1 and 2, 
are unpredictable. Piokford & Atz (1957) have 
attempted a classification of the response of teleost 
chromatophores. Their classification is based on 
the relative sensitivity of the chromatophores to 
intermedin and to what they term MCH (melanophore- 
concentrating hormone) and they divide teleosts into
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five groups as follows
I. The melanophores are responsive to the 
dispersing action of intermedin and unresponsive to 
the concentrating action of MCH.
Ila. The melanophores are unresponsive to the 
dispersing action of intermedin, or only doubtfully 
responsive (e.g. at very high doses). The lipophores 
are usually dispersed by intermedin but in some instances 
they appear to be unresponsive* The melanophores, 
but not the lipophores, are conoentrated by MCH.
Ilb. The melanophores are responsive both to 
intermedin and to MCH, depending on the dose and the 
conditions of the experiment.
lie. The melanophore response has not been 
recorded but intermedin-containing preparations elicit 
lipophore dispersion.
Ild. Both melanophores and lipophores are apparently 
unresponsive to intermedin, and both are conoentrated 
by MCH.
There are several criticisms which may be made of 
this scheme which Pickford & Atz themselves admit is 
somewhat arbitrary and "often based on inadequate data". 
Perhaps the most serious is that no account is taken 
of the source of the hormones. In effect, the term
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intermedin is used to describe all materials of 
pituitary origin which have a melanophore-dispersing 
influence* A second criticism is that the 
assumption is made that there are in fact two hormones 
in the pituitary responsible for the control of melanophore 
responses and with antagonistic actions. The 
evidence for this view, as will be indicated throughout 
this thesis, is extremely slight. Thirdly, while 
the classification undoubtedly divides teleosts into 
a convenient series of groups with differing chromatic 
responses, it adds nothing, in the author * s view, to 
our understanding of chromatic responses in these fishes.
Table 1.
Response of teleost melanophores to teleost pituitary
preparations.
Recipient Donor Response Author
1. Intact fish and isolated skin or scales.
Ameiurus nebulosus Ameiurus nebulosus f 1.
Phoxinus phoxinus + 1.
itindulus heteroclitus + 2.
Paraliohthys dentatus + 3*
Bathygobius soporator Haemulon album (-) 4#
Carassius auratus Carassius auratus + 5*
38.
Table 1 (continued)
Recipient Donor Response Author
Cottus scorpeus
Cyprinus carpio
Gypselurus
calif omicus
itindulus heteroclitus
Gambusia affinis *)
Gilliohthys mirabilis ?
Girella nigricans
Gobius paganellus
Lepomis cyanellus 
Leuresthes tenuis
Misgumus fossilis
Onchorhynchus nerka
Opsanus tau
Parasilurus asotus
Phoxinus phoxinus
Pimelodella krone!
Pleuronectes platessa
Pseudopleuronectes
americanus
? Gadus callarias +
Ameiurus nebulosus +
Sphyraena argentea 
Roccus saxatilis
Fundulus heteroclitus 0, 
Itindulus heteroclitus 
Pseudopleuronectes 
americanus 
Pollachius virens
bphyraena ax'gentea 
Roccus saxatilis
Gobius paganellus +'
Bphyraena argentea 
Roccus saxatilis
Cyprinus carpio
Onchorhynchus keta
Opsanus tau
Cyprinus carpio 
Cyprinus carpio
Phoxinus phoxinus 
Ameiurus nebulosus 
Trout
Gadus callarias 
"Pish"
Gadus callarias +
Paraliohthys dentatus 0
( + )
5.
7.
8. 
8.
9,2.
10.
11.
11.
8.
8.
12.
8.
8 .
13.
14.
15.
16. 
16.
1.
1.17.
1.17. 
18.
19.
6. 
3.
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Table 1 (continued)
Recipient Donor Response Author
Salmo gairdnerii
Bcopthalmus maximus
Scorpaena notata 
(= B. ustulata)
Onchorhynchus keta
0. tschawytscha
? Gadus callarias
Thynnus thynnus 
Trigla sp.
1 20,21.
20,21.
6.
17.
17.
2. Hypophysectomised fish
Ameiurus nebulosus 
Anguilla anguilla 
Fundulus heteroclitus
Fundulus majalis 
parasilurus asotus
Ameiurus nebulosus
Anguilla anguilla
ïtindulus heteroclitus 
Fundulus majalis 
Perea flavescens 
Pollachius virens 
Urophyois tenuis
ihindulus ma j alia 
Fundulus heteroclitus
Parasilurus asotus
+ 22,23,24,25
+ 26.
27,28?
28.*
27.
27.
29.
«
«
28,
28.
30.
3. Fish with melanophores separated from central nervous 
control.
Ameiurus nebulosus 
Fundulus heteroclitus
Phoxinus phoxinus
Pseudopleuronectes
americanus
Ameiurus nebulosus
Fundulus heteroclitus 
Fundulus heteroclitus 
Pollachius virens
Phoxinus phoxinus 
Ameiurus nebulosus 
Trout
Paraliohthys dentatus 0
!7.<?
I
25.
31.
2.
11.
1.
1.
1 .
3.
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Table 1 (continued)
Key to symbols and superscripts.
+ = dispersion, - = aggregation, 0 = no response,
( ) = doubtful response.
1. Extraction in alkaline medium.
2. Tested on isolated skin or scales.
3. Intracranial implant.
4. Response took 3O-4O hours to develop.
5. Alcohol soluble extract.
6. Alcohol insoluble extract.
7. Partially purified fractions.
8. Pituitary implants,
9 . Hypophysectomised individuals.
Key to authors.
1. Healey (1948)
2. Kleinholz (1935)
3. Osborn (1939)
4. Tavolga (cited in Piokford & Atz, 1957)
5. Briseno Castrejon & Stevens Plores (1955)
6. Meyer, H.H. (1939)
7. Veil (1937)
8. Weisel (1948)
9. Desmond (I924)
10. Matthews (1933)
11. Piokford (1957) (cited in Piokford à Atz, 1957).
12. Vivien (cited in Piokford & Atz, 1957)
13. Kazanski & Persov ( 1 9 4 9 )(cited in Piokford & Atz, 1957)
14. Burrows, Robertson & Renfret (cited in Piokford
à Atz, 1957)
15. Lee (1942)
15. Imai (1958)
17. Smith & Smith (1934)
18. Hewer (1925)
19. Pavan (1946)
20. Robertson (1955)
21. Robertson & Renfret (cited in Piokford & Atz, 1957)
22. Osborn (1938a)
23. ©shorn (1938b)
24. Parker (1934)
25. Parker (I94I)
25. Vilter (1941)
27. Burden (cited in Piokford & Atz, 1957)
28. Pries (1943)
29. Piokford (1953)
30. Enami (1955)
31. Abramowitz (1937b).
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A much clearer picture emerges if the response 
of teleost melanophores to preparations of teleost 
pituitary material only is considered. Under such 
a scheme teleosts can be divided into three groups.
1* Species in which the melanophores respond 
by dispersion.
2. Bpecies in which the melanophores respond 
by aggregation.
3. Species which are apparently unresponsive.
In the author’s view, the main advantages of this scheme 
are that it does not necessitate making any assumptions 
concerning the nature of the substances causing; the 
response while at the same time it suggests that the 
differences in response v/hich have been observed may 
be due to differences in the response of the melanophores 
to one substance rather than, as is generally supposed, 
to the existence of two hormones with antagonistic 
effects.
Examination of Table 1 with the classification 
outlined above in mind shows that Ameiurus nebulosus, 
Carassius auzatus. Cottus scorpeus. Cyprinus oai-pio, 
Gobius paganellus. Pleuronectes platessa and 
Soopthalmus maximus fall into Group 1, Bathygobius 
soporator and Pseudopleuronectes americanus into
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Group 3 9 while the remainder of the species which have 
been examined fall into Group 2.
Tile response of teleost lipophores to preparations 
of pituitary material is much more consistent than that 
of the melanophores and is, with the single recorded 
exception of Scorpaena notata (Smith & Smith, I934), 
one of dispersion (Piokford à Atz, 1957).
Table 2.
Response of teleost melanophores to non-teleost 
pituitary preparations.
Recipient Donor Response Author
Ameiurus nebulosus Pituitrin + 2,3,25,
32, 33
Pitressin + 33.
Pitocin
Choay ox posterior
0 33.
lobe extract + 7,35.
Frog
Frog, neuro-
25.
intermediate lobe + 2.
Sheep intermedin 4- 3.
Intermedin 4" 34.
imguilla anguilla Pressor-free posterior
36,37.lobe extract 4*
Oort icotr ophin *• 4- 38.
Intermedin (Choay A) 4* 39.
Bathygobius soporator Crude intermedin - 4.
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Table 2 (continued)
Recipient Donor Response Author
Carassius auratus
Cyprinus carpio
Pituitrin
Intermedin (various) 
Anterior lobe powder*
Posterior lobe (Choay) 
Anterior lobe (Choay)*
Fundulus heteroclitus Pituitrin
Pituitrin
Pitressin
Antuitrin
Gobius ruthensparri
Opsanus tau 
Phoxinus phoxinus
Pituitrin
Hypophysin
Pituitrin
Pituitrin
Pitraphorin
Pitressine
Pituilobine
Infundin
Infundin
Hypophysin
Posterior lobe
ACTE*
Prolactin*
Rana temporaria
+ 33.
4- 5,41,42•
+ 43.
4* 44.
4- ■ 45.
0 2,33,40,46
47,48.
0 33,40.
- 33,40,46.
.. 49.
- 49.
(+) 15.
-, 50.
4" 51,52.
- 53.
- 53.
4" 54,55.
- 18.
(+) 1.
- 57.
4* 56.
0 50.
+ 1.
Key to symbols and superscripts.
+ = dispersion, - = aggregation, 0 = no response,
( ) == doubtful response.
1. Anterior lobe extracts; all other commercial extracts
are posterior lobe.
2. The preservative also elicited melanophore-dispersion.
Note ; - the term ’intermedin’ implies a partial purification
of posterior lobe extracts.
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Table 2 (continued)
Key to authors.
For key to numbers I-3I inclusive see Table 1, page 40.
32. Abramowitz (I936)
33. Odiome (1933b)
34. Parker, Welsh & Hyde (1945)
35. Veil (1938)
36. Waring (1940)
37. Waring & Landgrebe (I94I)
38. Fontaine & Hatey (1953)
39. Vilter (1946)
40. Odiorne (1933a)
41. Chavin (1954)
42. Chavin (1956)
43. Mflller (1953)
44. Veil (1935)
45. Veil (1940)
46. Foster (1937)
47. Gilson (1926)
48. Spaeth (1918)
49. Meyer, E. (1931)
50. Astwood & Gesohickter (1936)
51. Bflttger (1935)
52. Peczenik (1933)
53. Collin & Drouet (1933)
54. Abolin (I925)
55. Giersberg (1930)
56. Kohler (1952)
57. Stutinsky (1934).
The observations summarised in Table 2 are a few 
of those which have been made on the influence of 
commercial pituitary preparations on the melanophores 
of teleosts. The conflicting results obtained 
suggest that in some oases at least the observed response 
may have bean brought about by the presence of
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contaminants of non-pituitary origin ^ particularly 
preservatives used in their preparation. For example 
Healey (1948) observed that the preservative used in 
Hypophysin caused a slight melanophore dispersion in 
Phoxinus phoxinus.
Few workers have examined the effect of preparations 
of non-teleost, non-oommercial, pituitary extracts on 
the melanophore3 of teleosts. The results that are 
available, summarised in Table 2, indicate that such 
preparations result in melanophore dispersion in teleost 
recipients. However any attempt to make deductions 
concerning the nature of the chromatic hormones from 
such limited data is pointless.
Observations have been made in the course of the 
present work on the responses of some teleostean species 
to injections of extracts of the pituitaries of other 
teleosts. The responses of the melanophores to 
such injections are summarised in Table 3. Unless 
otherwise recorded the injections were made intra- 
peritoneally. In many cases extracts were prepared 
in both acid and alkaline conditions and the table 
indicates when the response differed as a result of 
such preliminary treatment.
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Table 5.
Response of teleost melanophores to teleost pituitary 
preparations. Results of present investigation.
Recipient Donor
Response 
Acid Alkali
1. Intact fish. 
Ameiurus sp.
Anguilla anguilla 
Blennius gattorugine
Blennius pholis
Oallionymus lyra
Dobio gobio 
Grobius minutus
Grobius paganellus
Liraanda liman da
Phoxinus phoxinus
Phoxinus phoxinus +
Pleuronectes platessa 
Gadus aeglefinus 4-
Gadus merlangus +
Pleuronectes platessa +
Pleuronectes platessa - 
Gadus aeglefinus
Pleuronectes platessa - 
Gadus aeglefinus
Pleuronectes platessa {-)| 
Gadus aeglefinus (-)
Phoxinus phoxinus
Pleuronectes platessa 
Gadus aeglefinus
Pleuronectes platessa 
Gadus aeglefinus
Pleuronectes platessa 
Gadus aeglefinus
Phoxinus phoxinus 
Pleuronectes platessa 
Gadus aeglefinus 
Gadus merlangus
3
3
a
%
+
•f
0
0
0
0
0
0
0
0
0
0
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Table 3 (continued)
Recipient Donor Response 
Acid Alkali
Phoxinus phoxinus Limanda limanda
Soopthalmus maxiraus
Trachurus trachurus - 0
Trigla sp.
2. Hypophysectoxnised fish.
Phoxinus phoxinus Pleuronectes platessa -
3. Pish with melanophores separated from central nervous
control.
Phoxinus phoxinus Phoxinus phoxinus
Pleuronectes platessa - +
Soopthalmus maximus
Key to symbols and superscripts.
+ = dispersion, - = aggregation, 0 ® no response,
( ) = weak or doubtful response.
1. Very slight response to subcutaneous injection.
Bo response to intraperitoneal injection.
2. Subcutaneous injections.
3# Subcutaneous and intraperitoneal injections.
Bote unless otherwise recorded injections were made 
intraperitoneally.
Acid extracts were prepared in hot 5"^ acetic acid. 
Alkaline extracts were prepared in hot N/10 HaOH#
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Two main points arise from these experiments.
The first, that extraction of teleost pituitary material
/
in an alkaline medium can in many oases have a profound 
effect on the response of the raelanophores, is discussed 
in detail in Chapter #2. The second point of interest 
is that the response of the species examined depends 
rather on the identity of the recipient than on the 
identity of the donor species. Injections of acid 
extracts of Pleuronectes platessa pituitary cause 
melanophore dispersion in Ameiurus sp. and Anguilla 
anguilla, but melanophore aggregation in a wide variety 
of other species. This adds confirmation to the 
view expressed above that the differences in response 
to pituitary injection may be due not to the presence
i.
of two hormones with differing effects, but to differences 
in the response of the melanophores to one substance.
The response of the lipophores to such treatment 
was, in all the species examined which possess easily 
observable lipophores, one of dispersion. Alkaline 
treatment in all cases abolished the lipophore response; 
this point is further discussed in Chapter
So far as the author is aware, no previous worker 
in this field has followed the responses of the 
chromâtophores of teleost fishes following injections
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of ohromaotivating substances in the way that such 
responses have been studied in amphibians, though a 
certain amount of general information is available 
concerning the duration and intensity of these responses. 
Many such observations have been made in the course 
of the present investigations; a few of these are 
summarised here to indicate the way in which the responses 
of the ohromatophores of teleosts are influenced by 
dose level and, in the case of the minnow, by denervation, 
to provide a general background against which the 
more detailed analysis of these responses can be made 
in succeeding chapters.
Fig. 4 illustrates the way in which the intact 
melanophore8 of black-adapted minnows respond to three 
dose levels of plaice pituitary. Irrespective of 
dose the response appears to reach a maximum in between 
45 minutes and one hour and then falls off exponentially, 
returning to the initial equilibrium at a time related 
to the dose. Further data are given in Table 4^ f. 63^
Fig. 5 illustrates the influence of sectioning the 
spinal cord, anterior to vertebra 15, on the responses 
of minnow melanophores. It is clear that such a 
procedure increases the sensitivity of the melanophores 
some five-fold so far as the intensity of the response
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Fig. 4. Response of B region melanophores 
of intact black-adapted minnows to injections 
of acid extracts of acetone-dried plaice pituitary. 
For further data see Table 4, p. 52.
(Figure overleaf)
Fig. 5. Response of B region melanophores 
of spinal-sectioned black-adapted minnows to 
injections of acid extracts of acetone-dried 
plaice pituitary. For further data see Table 5»
p. 53.
(Figure overleaf)
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la concerned and some twenty-five fold so far as the 
duration of the response is concerned. This result 
is consistent with the fact that minnows have a strong 
nervous component in their colour changes (von Prisch, 
1911} Healey, 1951). Further data are given in 
Table 5, f-52>.
Table 4.
Response of B region melanophores of intact black 
adapted minnows to intraperitoneal injections of acid 
extracts of aoetone-dried plaice pituitary.
Dose in M.l.
Hours after injection 
0 ^ 1 2 5 4 5 7
5 4.72 3.17 3.15 4.05 4.70 -
(0.13)(0.24)(0.25)(0.23)(0.09)
25 4.83 1.97 1.83 5.00 3.77 4.20 4.57 -
(0.09)(0.35)(0.36)(0.32)(0.32)(0.26)(0.18)
125 4.85 1.05 1.00 2.15 3.15 5.50 3.75 4.40
(0.06)(0.04)(0.00)(0.25)(0.16)(0.22)(0.20)(0.18)
The acetone-dried pituitary powder was extracted in 
0.5^ acetic acid at lOO^C. for 20 min# The solution 
was neutralised prior to injection with N/10 NaOH$
All values are means of 10 fish 60-70 mm. long.
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Table 5.
Response of B region melanophores of spinal-sectioned 
black and white-adapted minnows to intraperitoneal 
injections of acid extracts of aoetone-dried plaice
pituitary.
Dose in M.l.
Hours after injection 
O ç 1 2 3 6 8  12
Black-adapted fish; 10 days on a black illuminated 
background after the operation.
5 4.12 2.42 1.80 2.20 2.90 4.02 4.15 4.20
(0.23)(0.32)(0.31)(0.38)(0.35)(0.23)(0.18)(0.19)
25 4.40 2.00 1.08 1.10 1.52 2.76 3.06 4.00
(0.20)(0.24)(0.06)(0.08)(0.19)(0.30)(0.38)(0.32)
White-adapted fish; 10 dayS: on a white illuminated 
background after the operation.
5 1.23 1.14 1.26 1.17 1.37 1.23 - 1.20
(0.09)(0.07)(0.10)(0.07)(0.11)(0.10) (0.09)
25 1.46 1.08 1.04 1.04 1.12 1.20 1.36 1.44
(0.12)(0.08)(0.06)(0.06)(0.18) (0.24)(0.16)(0.14)
All values are means of 10 fish 60-70 mm. long.
The acetone-dried pituitary powder was extracted in 
0.5^ acetic acid at 100^0. for 20 min. The solution 
was neutralised prior to injection with H/lO HaOH.
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The response of intact black-adapted minnows to 
injection of minnow pituitary extracts is illustrated 
in Pig. 6. Comparison of these curves with those 
obtained with plaice pituitary shows that they are 
essentially similar in nature. Further data are 
given in Table 6^
5
4
3
M.I
2
0 = 2  gland 
#  =  2 glands
I
65o 2 43
HOURS
Pig. 6. Kesponse of B region melanophores
of intact black-adapted minnows to injection of 
aqueous extracts of minnow pituitary*
Por further data see Table 6, p* 55<
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Table 6.
kesponse of B region melanophores of intact black- 
adapted minnows to intraperitoneal injections of 
aqueous extracts of minnow pituitary.
M.I.
Dose Hours after injection
0 i 1 2 3 4
1 gland 4.72 3.24 2.64 3.72 4.48 4.68 4.72
(0.05)(0.19)(0.35)(0.26)(0.10)(0.04)(0.06)
2 glands 4.60 2.46 1.80 2.86 3.36 3.96 4.48
(0.07)(0.22)(0.18)(0.28)(0 .32)(0.27)(0 .14)
All values are means of 5 fish 60-70 mm. long.
Glands for injection were taken from stock tank fish 
65 mm. long.
Pig. 7 illustrates the response of the melanophores 
of Ameiurus sp. to injections of acid extract of plaice 
pituitary. The response here is one of melanophore- 
dispersion and fairly closely resembles that of the 
frog to similar injections {see Pig. 9, p . 63 ).
Further data are given in Table 7j f* 5^-
The response of minnow erythrophores to acid extracts 
of plaice pituitary is illustrated in Pig* 8. The 
response is one of dispersion and the time relations 
are similar to those of the frog and Ameiurus melanophores.
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Pig. 7. Hespons* of melanophoreo of Intact 
whlto-adaptod oatflah to Injcotlona of acid 
extraota of aoatone-driod plaloe pituitary,
For further data see Table 7, p. 58.
(Figure overleaf)
fig. 8, Heaponse of erythrophores of intact 
blaok-adapted minnows to injeotlona of aoid 
extraota of aoetone-dried plaloe pituitary, 
(Figure overleaf)
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Pig* 8.
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Denervation has no apparent effect on the response 
of the erythrophores In the minnow. This Is 
consistent with the observations of Giersberg (I932).
Table 7.
Response of melanophores of Intact white-adapted 
Ameiurus sp. to intraperitoneal injections of acid 
extracts of aoetone-dried plaice pituitary.
Dose in M.I.
Hours after injection 
0 1 2 3 4 5? 6^ 85
5 1.34 2.02 1.48 1.34
(0.08)(0.10)(0.08)(0.08)
25 1.36 4.12 4.16 3.06 1.98 1.32
(0.08)(0.19)(0.18)(0.22)(0.16)(0.07)
125 1.13 4.93 5.00 4.98 4.78 3.33 2.13 1.20
(0 .04)(0 ,02)(0 .00)(0 .01)(0 .04)(0 .16)(0 .22)(0 .06)
All values are means of 10 fish between 4.5 and 5.5g. 
in weight.
Pish were maintained for 4 days on a continuously 
illuminated white background prior to injection.
The acetone-dried powder was extracted in O.g'^  acetic 
acid at 100°0. for 20 min. The solution was neutralised 
prior to injection with N/lO laOH.
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Chapter 4.
THE INPLHBHCB OP TELEOST PITUITARY PREPARATIONS ON 
THE MELANOPHORES OF OTHER CHROEaTIC VERTEBRATES.
In the preceding chapter a general summary was 
made of the Influence of pituitary preparations on the 
melanophores and lipophores of teleost fishes.
The influence of teleost pituitary material on the 
melanophores of other chromatic vertebrates has also 
been investigated by a number of authors; in all 
cases recorded in the literature the response has been 
one of dispersion. Table 8 summarises these 
observations.
Table 8.
Response of melanophores of lower vertebrates (other than 
teleosts) to preparations of teleost pituitary material.
Donor Recipient Response Author
Anguilla anguilla Xenopus laevis + 1.
Auxis thazard ^ 
Cottus sp• 5 Rana nigromaoulata 2.
Fundulus heteroclitus Prog^
Tadpole 
Rana pipiens 
Anolis carolinensis
+ '
+
+
+
3.
4.
5.
■5.
Gadus callarias Prog
Raja clavata
+,
+
6,7
8.
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Table 8 (continued)
Donor Recipient Response Author
Gadus macrocephalus V 
Katsuwonua vagana j Rana nigromaoulata
1
2,9?
Leporinus obtusidens Batrachians 10.
Limanda sp. Rana nigromaoulata
1
+ 2.
Opsanus tau Frog 11.
Paraliohthys dentatus Frog 12.
Phoxinus phoxinus Rana esculenta 
Rana temporaria +
13.
13.
Piraelodus olarias Batrachians + 10.
Reinhardtlus matsuurae Rana nigromaoulata 14- 2.
Roocus saxatilis IJrobatis halleri 
Hyla regilla 
Rana pipiens 
Anolis carolinensis
4"
+
+
+
14.
14.
14.
14.
Sabastolobus machroohirl 
Seriola quinqueradiata ]^Hana nigromaoulata 2.
Sphaeroides stictonotus Rana nigromaoulata + 15.
dphyraena argentea IJrobatis halleri 
Hyla regilla 
Rana pipiens 
Anolis carolinensis
•f
+
+
14.
14.
14.
14.
Thunnus orientalis Rana nigromaoulata
1
4" 2.
Tautoglabrus adspersua Frog •f 16.
Urophyois tenuis Frog
3
+ 17.
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Table 8 (continued)
Key to symbols and superscripts.
+ = melanophore dispersion.
1 *= alkaline extract.
2 = hypophysectomised recipient.
3 = tested on isolated skin.
Key to authors.
1. Waring & Landgrebe (I94I)
2. Migita 4 Arakawa (1948)
3. Abramowitz (1937b)
4. Desmond (I924)
5. Kleinholz (1935)
6. Hogben & Winton (1922)
7. Hewer (1926)
8. Meyer, H.H. (1939)
9 . Hanoaka (1951)
10. Houssay à Ungar (I924)
11. Dee (1942)
12. Osborn (1939)
13. Healey (1948)
14. Weisel (1948)
15. Arakawa (1950)
16. Hunter & Wassermann (1941)
17* Wilhelmi & Pickford (cited in Pickford & Atz, 1957).
In the course of the present investigation 
pituitaries from a number of teleost species have been 
tested on intact frogs (Rana temporaria) with equally 
uniform results. The results of these experiments 
together with details of the extraction procedures 
employed are summarised in Table 9j f. ij..
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Table 9*
Response of frog melanophores to injections of teleost 
pituitary material; results of present investigation.
Donor Method of preparation of Response
extract
Ameiurus sp. Fresh gland ground in dist. water +
Gadus aeglefinus Acetone-dried gland extracted in +
Gadus merlangus > hot 0.55^  acetic aoid.
Limanda limanda J
Phoxinus phoxinus Fresh gland ground In dist. water +
Fresh gland extracted In hot 0,3%
acetic acid +
Acetone-dried gland extracted in
hot 0.5^ acetic acid +
Pleuronectes Acetone-dried gland extracted in
platessa dist. water +
Aoetone-dried gland extracted in
hot 0.5^ acetic acid +
Acetone-dried gland extracted in
hot H/10 RaOH +
Soopthalmus Aoetone-dried gland extracted in
maximus hot 0.5^ acetic acid +
Trachurus trachurus Fresh gland extracted in hot
0.5 % acetic acid +
Acetone-dried gland extracted 
in hot 0.5^ acetic acid +
Trigla sp. Acetone-dried gland extracted in
hot 0.5!^  acetic acid +
+ = melanophore dispersion.
All extracts tested on Rana temporaria; injections made 
into dorsal lymph sac of intact white adapted animals.
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A more detailed analysis of the response of intact 
white-adapted frogs to injections of aoid extracts of 
plaice pituitary material is made in Pig. 9 and in 
Table 10 ^ p. tuj**
M.
5
4
3
2
I
O 2 4 6 8
HOURS
Fig. 9# Response of the melanophores of the 
hind foot web of intact white-adapted frogs to 
injections of aoid extracts of aoetone-dried plaice 
pituitary powder.
For further data see Table 10, p. 64.
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Table 10.
Response of melanophores of hind foot web of intact 
white-adapted frogs to injections of acid extracts 
of acetone-dried plaice pituitary.
Dose in M.I.
Hours after injection 
0 ^ 1 1-^ 2'i? 4i 8
5 1.46 2.88 2.24 1.62 1.46 - - - -
(0 .21)(0 .23) (0.25)(0.24)(0.20)
25 1.38 3.76 4.62 4.86 2.44 1.62 1.25
(0.17)(0 .17)(0.09)(0.10)(0.34)(0.24)(0.07)
125 1.50 3.88 4.78 4.96 4.70 4.10 3.58 1.88 I.64
(0.27)(0 .15)(0.08)(0.04)(0 .19)(0.36)(0.34)(0.33)(0 .33)
Ail values are means of 10 frogs between 22 and 26 g. in 
weight.
The acetone-dried pituitary powder was extracted in 0.5^ 
acetic acid at lOO^C. for 20 min. The solution was 
neutralised prior to injection with E/10 EaOH.
Injections were made into the dorsal lymph sac.
Examination of Pig. 9 shows that unlike the response 
of minnow (Fig.4, p. 51) and catfish (Fig. 7» p.57) 
melanophores the response of frog melanophores reaches 
a maximum at a time related to dose; thus the peak
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for the 5 g. doae was reached in about 30 minutes, 
while for the larger doses maximum melanophore 
dispersion was not achieved for about 90 minutes.
Like the responses of minnow and catfish the responses 
of the frog melanophores fall off exponentially and 
the duration of the response is related to the dose.
Unlike the minnow melanophore-aggregating principle 
the frog melanophore-dispersing principle is not 
destroyed by alkaline treatment, though it is apparently 
substantially modified. This point is further 
discussed in Chapter
It is generally agreed that melanophore-di sp ersi on 
in lower vertebrates is brought about by the influence 
of a hormone of the intermediate lobe of the pituitary 
(meta-adenohypophysis of teleosts) variously designated 
Intermedin (Zondek & Krohn, 1932a, b), B hormone 
(Hogben & Slome, 1931) or MSH (melanocyte-stimulating 
hormone)(Lemer, Shizume & Bunding, 1954). Standard 
assay techniques for this hormone have been developed 
by a number of workers based on the response of the 
melanophores in intact or hypophysectomised frogs 
(Hana sp) or Xenopus laevis, or on isolated frog skin.
It is almost universally agreed that the eliciting of 
melanophore-dispersion in these animals by extracts of
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pituitary material is indicative of the presence of 
MSH (Landgrebe, Ketterer & Waring, 1955). It is 
clear that on this basis the pituitary glands of many 
species of teleosts, and possibly of all teleosts, 
contain MSH.
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Chapter 5*
A PRELIMINARY INVESTIGATION OF METHODS FOR ASSAY OF 
THE MELANOPHORE-AGGREGATING HORMONE.
While many workers have published assays for 
the determination of the activity of MSH (melanocyte- 
stimulating hormone) in pituitary material only 
Enami (1955) and Imai (1958) have attempted to establish 
similar procedures for the determination of the 
melanophore-aggregating hormone of the teleost 
pituitary. However, in both cases, their assays 
are based on the use of the Oriental catfish,
Parasilurus asotus, and since this fish is unlikely 
to be available to Eiropean workers it is clearly of 
value to establish an assay on a species of teleost 
which can be more readily obtained.
In order to establish a satisfactory assay it is 
essential that some standard preparation of the hormone 
under consideration should be made and that, in 
particular, it should be extremely stable under normal 
conditions of storage. The response of the test 
animal should be readily measurable and should be 
easily related to the dose of hormone given, preferably 
by a logarithmic relationship. Further it is
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an advantage to have a minimum of variation within 
each group in the assay so that the number of animals 
used is one that can be practicably handled (Eoomens, 
194Q). With these points in mind a series of 
experiments was made to determine what particular 
experimental arrangements would provide the most 
satisfactory assay.
Pig. 4 (p. 51) shows that the response of the 
intact minnow to injections of plaice pituitary reaches 
its peak in about one hour after injection, irrespective 
of the dose adminstered. A sample of acetone- 
dried plaice pituitary powder was extracted in 5^ 
acetic acid at 70^0. for 20 minutes; the resulting 
solution was filtered and stored in the refrigerator. 
Within 24 hours this extract was sampled and the 
following doses were injected into black-adapted 
intact minnows.
1. 5yuvg. of original powder per fish
2. lOywg. of original powder per fish
5. 20y&g. of original powder per fish
4. 40 yhg. of original powder per fish.
Each dose level was injected into ten black-adapted 
intact minnows 60-70 mm. in length. The fish had 
been maintained on the black background for 36 hours 
prior to injection; the other conditions of the
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experiment were as described in Chapter 2, p. 22. 
Injection was made intraperitoneally; the volume of 
fluid injected was in all oases 0.05 ml. The M.I. 
of the B region melanophores was determined before 
injection and again exactly one hour after injection. 
The results are summarised in Table 11.
Table 11.
Response of intact black-adapted minnows to injections 
of acid extracts of plaice pituitary.
M.I.
Dose Difference
Before One hour after in
injection injection M.I.
5yu^. 4.40 3.18 1.22
lOyu*- 4.40 2.92 1.48
20/Ag. 4.16 1.82 2.34
40 4.28 1.38 2.90
All values means of ten fish. For further details see 
text pp. 68-69> and Table A ,S  in Appendix \ (p. .
The data presented in this table might be handled 
in a number of ways; two possible alternatives have 
been selected for analysis here. First the response 
may be measured simply as the M.I. reached after one
7 0 .
hoiir without any reference to the initial M.I.; 
alternatively the response may be measured as the 
difference between the initial M.I. (i.e. the M.I. 
before injection) and the M.I. one hour after injection. 
The regression line for both these possibilities has 
been determined and the appropriate analysis of variance 
made.
The regression of response on dose for the first 
case, i.e. the response measured simply as the M.I. 
reached one hour after injection is given by the 
equation
E = 4.8 • 2.16X (a)
where E is the expected response and X is log^o ^ose 
in microgrammes. The analysis of variance shows 
that this line is a good fit for the observed data with 
the probability that such agreement would occur by 
chance being less than 0.001.
The regression line for the second case, i.e. the 
response measured as the difference between the 
initial M.I. and the M.I. after one hour is given by 
the equation
E = 1.96X - 0.27 (b)
Here again the fit is an excellent one (p K, 0.001).
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Details of the statistics used in these estimations 
are given in Appendix I, p.
A.
4
E — 4 .8  — 2.I6X
3
2
I
B
4
E =  I 9 6 X - 0 . 2 7
3
2
2
I
1.80.6 1.0 14
LOG,„ DOSE m
Figé 10é Regression of response of region B 
melanophores of intact black-adapted minnows on 
dose of acid extracts of acetone-dried plaice , 
pituitary. A. The response measured as M.I. 
after one hour; B., The response measured as 
difference between initial M.I. and M.I. after 
one hour. The black circles indicate the means 
of the observed values for each dose. Further 
details are given in the text above and in Appendix 
If p.O-So,
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The regression lines for both situations are 
plotted in Pig. 10 together with the means of the 
observed values. It is clear that both lines are 
almost equally satisfactory representations of the 
regression of response on dose. The advantages of 
the first are substantial, however, since the number 
of M.I. readings that need be made in the course of 
the assay are reduced by a half; in addition the data 
in the present example suggest that this approach may 
give a slightly better representation of the dose- 
response regression since 7^ (the variance of the slope) 
is 0.1105 for this case, and 0.1441 in the case where 
the difference was measured.
Further analysis of this regression line reveals 
that in order to get an estimate of potency within 
about t 20% of the true value in 95% of cases it would 
be necessary to use I40 animals in the assay.
An accuracy of t 30% could be achieved with about 35 
animals in the assay. Thus a 3 x 3 Q-ssay using a 
standard preparation would provide this degree of 
accuracy with 6 animals per group; for the higher level 
of accuracy about 25 animals per group would be needed.
It is clear that for routine assays the necessity 
to handle 150 animals is undesirable. The possibility
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arises that this number might be reduced by using 
some other assay method, though examination of the 
data in Tables in Appendix I suggests that in an 
animal with such a high degree of variability it may 
not be possible to improve on this.
In order to obtain satisfactory results from any 
assay a suitable standard is necessary. In particular 
it is important that the standard be a stable one so 
that results from experiments made over a long period 
of time may be directly comparable. The experiment 
summarised in Fig. 4 (p. 51) and Table 4 (p.52) was 
made with extracts from the same sample of acetone- 
dried plaice pituitary powder as was used in the 
experiment described above but nearly eighteen months 
later. In the period between the two experiments 
the material was stored in a desiccator at room 
temperature. It is of interest to enquire whether
any detectable change in potency of the powder had 
occurred over that period. The experiment described 
above was used to provide information for the standard 
preparation; the experiment summarised in Table 4,?-^^ 
provided information for the unknown.
We have already seen that the slope of the regression 
line in assay (a) described above was - 2.16.
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Calculation of the regression of the unknown gives 
a slope of - 1.884, and the combined slope is 
- 2.08 with a variance of 0.086. Calculation of 
the relative potency of the two preparations (or rather 
the same preparation at different times) shows that 
the unknown is 1.044 times as potent as the standard.
The limits of error of the determination of potency 
are, for p = 0.05, 1.4 to 0.8. It is clear that 
no very substantial change in potency of the hormone 
preparation had occurred in the period of storage.
The experiments described above lead to the 
conclusion that assay of the melanophore-aggregating 
hormone can be achieved by measurement of the response 
of the B region melanophores of the intact black- 
adapted minnow to intraperitoneal injections of material 
containing the hormone. An accuracy of t 50^ 
with p = 0.05 can be achieved by using a 3 x 3 assay 
with 6 fish in each group. Higher levels of accuracy 
could undoubtedly be attained in an assay of these 
dimensions if the fish were selected for uniformity 
of response before the experiment began. The standard, 
which would have to be established to suit the 
requirements of individual workers, should be an acetone- 
dried powder of teleost pituitary and the extraction 
for assay should always be made in acid conditions.
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Chapter 6.
DISTRIBUTION OF GHROMACTIVATING H0RIAUNE8 IN THE 
MINNOW PITUITARY AND BRAIN.
Investigations made to determine the site of 
production of the chromactivating hormones in the 
teleost pituitary have led to widely differing 
conclusions in the hands of different authors.
Hewer (1926) found that in the pituitary of the cod 
(Gadua callarias) the minnow melanophore-aggregating 
and the frog melanophore-dispersing hormones were 
present in substantially higher concentrations in the 
posterior part of the gland than in the anterior part. 
Similar observations have been made on the distribution 
of melanophore-aggregating hormone in the pituitary 
of Cyprinus carpio by Kazanskii à Persôv (1949) who 
found that it was present in highest concentration in 
what they term the transitional lobe which, according 
to Pickford & Atz (1957), is the equivalent of the 
meta-adenohypophysis. If this is so, these observations 
confirm those of Hewer. On the other hand,
Enami (1955) found that the greatest concentration 
of melanophore-aggregating hormone in the pituitary
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of Parasllurus asotue was in the me so-adenohypophysis 
(Ubergangsteil). He was able also to detect the 
hormone in the nucleus lateralis tuberis of the 
hypothalamus but in only I/4 to 1/5 of the concentration 
that was present in the pituitary. Following 
section of the pituitary stalk there was a decrease 
in melanophore-aggregating activity in the pituitary; 
removal of the pituitary had no influence on the level 
of hormone in the hypothalamus. These observations 
suggest that in Parasilurus the melanophore -aggregating 
hormone is neurosecretory in nature.
Healey (1940, 1948) found that minnows which had 
the pituitary completely removed and the melanophores 
separated from central nervous control by spinal- 
section remained black (i.e. with the melanophores 
dispersed) irrespective of the colour of the background. 
If however a small portion of the anterior part of 
the gland remained after the operation the fish were 
able to maintain the white background response.
This suggests that the melanophore-aggregating hormone 
in the minnow is produced in the anterior lobe 
(pro-adenohypophysis) though the experimental evidence 
"does not preclude the possibility of its being secreted 
in the whole gland" (Healey, 1948).
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The experiments described below were made with 
a view to clarifying the rather confused situation 
outlined above•
In ventral view the minnow pituitary is seen to 
be divided into an anterior opaque region with few 
superficial blood vessels, corresponding roughly to 
the histological divisions of pro- and meso-adenohypophysis, 
and a less opaque posterior region with considerable 
superficial vascularisation corresponding roughly to 
the meta-adenohypophysis (Fig. 11).
PRO-
L.S.o
V ie w ,
Fig. 11. Relation between external appearance 
of the minnow pituitary and the internal histological 
divisions into neurohypophysis and pro-, raeso- and 
meta-adenohypophysis (terminology of Pickford & Atz, 
1957). From Kent (1959a).
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Minnows (55-b5 mm. in length) taken from the 
stock maintained in white sinks were decapitated and 
the pituitaries exposed by removal of the roof of 
the mouth. With the aid of a small piece of razor 
blade attached by sealing wax to a glass rod the 
pituitary was swiftly divided into two portions with 
a single out along the line separating the two regions 
described on p. 77 ( X - X* in Fig. 11); the anterior 
portion thus consisted of pro- and me so-adenohypophysis 
together with some of the neurohypophysis while the 
posterior portion consisted of meta-adenohypophysis 
and the remainder of the neurohypophysis. The two 
portions were removed and separately homogenised in
0.1 ml. of distilled water.' The whole procedure 
from decapitation to the separation of the two portions 
was completed in 20-50 seconds. Injection of the
whole of the homogenate was made into the body cavity 
of black-adapted intact minnows or into the dorsal 
lymph sac of white-adapted frogs.
Table 12 summarises the results of injection 
of the anterior and posterior portions of the gland 
on the B region melanophores of intact black-adapted 
minnows. It is clear from these observations that 
the melanophore-aggregating hormone is present in 
considerably higher concentration in the posterior
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portion of the gland, i.e. in the meta-adenohypophysis 
and posterior portions of the neurohypophysis than 
in the anterior part; consideration of the dose - 
response curves for the minnow (Fig. 10, p. 71) 
suggests that there is 4 to 5 times as much hormone 
in the posterior portion of the gland as in the 
anterior portion.
Table 12.
Distribution of minnow melanophore-aggregating hormone 
in the minnow pituitary.
Pituitary Change in M.I. of B region melanophores
number. of intact black-adapted fish one hour
after injection.
Pituitary region.
Anterior Posterior
1. 0.0 1.2
2. 0.0 2.6
3. 1.8 1.4
4. 0.4 2.8
5. 0.4 2.0
6. 1.4 3.0
7. 0.0 0.4
8. 1.2 1.0
9. 0.2 1.4
10. ' 2.0 2.6
11. 0.0 0.4
12. 2.0 1.8
13. 0.6 2.8
14. 0.0 1.4
15. 0.2 2.6
Mean 0.68 1.83
3.D. 0.777 0.878
The values in the table are readings of ^  single fish
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Table 13 summarises the results of injection of 
the anterior and posterior portions of the gland on 
the erythrophores of intact black-adapted minnows.
Table 13.
Distribution of minnow erythrophore-dispersing hormone 
in the minnow pituitary.
Pituitary Change in E.3. of intact black-adapted
number fish one hour after injection.
Pituitary region.
Anterior Posterior
1. no change •f
2. no change
3. no change
4. no change
5. no change +++
6. 4-++ ■f+4'
7. +++
8. 4"+
9. no change +
10. +
11. no change no change
12. +
15. no change +4-4-
14. no change ++
15. no change +++
The values in the table are readings of single fish.
The results show that the distribution of the minnow 
erythrophore-dispersing hormone closely resembles that 
of the minnow melanophore-aggregating hormone, that
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is with the highest oonoentration in the posterior 
part of the gland but with detectable amounts in the 
anterior part also.
Table 14,
Distribution of frog melanophore-dispersing hormone 
in the minnow pituitary.
Pituitary Change in M.I. of hind foot web
number. melanophores of intact white-adapted
frogs one hour after injection.
Pituitary region.
Anterior Posterior
1. 1.0 3.4
2. 0.8 3.6
3. 0.2 3.6
4. 3.6 3.4
5. 0.5 4.0
6. 1.4 ‘ 2.8
Mean 1.27 3.47
S.D. 1.211  ^ 0.377
p <  0.01
The values in the table are readings of single frogs.
Table 14 summarises the results of injection of 
the anterior and posterior portions of the gland on 
the melanophores of intact white-adapted frogs.
The distribution of the hormone resembles that already 
described for the melanophore-aggregating and 
erythrophore-dispersing hormones. Consideration
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of the dose-response curves for the frog (Fig. 9, p. 63) 
suggests that, like the minnow melanophore-aggregating 
hormone, there is 4 to 5 times more frog melanophore- 
dispersing hormone in the posterior than in the anterior 
part of the gland.
These experiments seem to point to a single site 
of production of all three chromactivating hormones.
Enami*3 (1955) observation that the melanophore- 
aggregating hormone of Parasilurus has its origin in 
the hypothalamus suggests that the minnow chromactivating 
hormones might have a similar origin. Accordingly 
a second series of experiments was made to compare 
the activity of the hormones in the pituitary with 
those in the hypothalamus, if any were present.
Fifteen minnows were killed by decapitation and 
the pituitaries and hypothalami removed and extracted 
by heating for 20 mins. at 70^0. in 0.5/^  acetic acid.
The extracts were neutralised prior to injection with 
R/10 NaOH, using bromothymol blue as an indicator.
Injection of extracts containing the equivalent 
of one hypothalamus had no influence on the melanophores 
of minnows or frogs or on the erythrophores of minnows; 
on the other hand extracts containing the equivalent 
of 1/lOth of a minnow pituitary had readily detectable
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minnow melariophor©-aggregating and erythrophore- 
dispersing and frog melanophore-dispersing activity. 
Clearly, if the hypothalamus of the minnow does 
contain chromactivating hormones they are present 
in less than 1/lOth of the concentration present in 
the pituitary. In fact it seems reasonable to 
assume that these hormones are not present in the 
hypothalamus.
It is generally agreed that the meta-adenohypophysis 
of teleosts is homologous with the intermediate lobe 
of other vertebrates (Pickford & Atz, 1957) and would 
be expected to be the site of production of the 
melanophore-dispersing hormone. The presence of 
smaller amounts of the hormone in the anterior portion 
of the gland might be explained in terms of diffusion 
while the gland was being removed for the purposes of 
the experiments described above; in the author’s view 
such an explanation is unlikely in view of the extremely 
short period of time (30 sec.) elapsing between 
decapitation and the separation of the two portions of 
the gland, A more likely explanation derives from 
the observation that while the external demarcation 
of the gland undoubtedly gives a rough indication of 
the distribution of the cellular regions, serial sections
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indicate that the meta-adenohypophysis extends forward 
well into the opaque region of the gland, particularly 
laterally and dorsally; in fact, it is quite reasonable 
to suppose that l/6th of the meta-adenohypophysis was 
included in the anterior portions of the gland when 
the divisions were made.
So far as the melanophore-aggregating hormone is 
concerned the weight of evidence is in favour of the 
view that it is produced in the pars anterior 
(pro-adenohypophysis) in fishes (Healey, 1940, 1948;
Waring, 1940, 1942) and in the pars tuberalis in 
amphibians (Hogbon & 31ome, 1931)• However the 
observations by Hewer (1926) which appear to have been 
disregarded by many workers in this field, and those of 
the present investigation, would suggest that, like the 
melanophore-dispersing hormone, the melanophore- 
aggregating hormone is a product of the meta-adenohypophysis.
Enami ’s observations (1955) on Parasiluius do not 
support this view. The present author (Kent, 1959&) 
has suggested that since the minnow apparently lacks 
a nucleus lateralis tuberis, the region of the hypothalamus 
which Enami (1955) suggests is responsible for the 
production of melanophore-aggregating hormone in 
Parasilurus, there may be an extra-hypothalmic source
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of neuroseoretien, possibly associated with the large 
ganglion cells which have been described in the 
anterior part of the neurohypophysis of the minnow 
and in Salmo and Gadus (Bargmann, 1955)#
In a recent paper Stahl (1958) described two distinct 
cell types in the meta-adenohypophysis of Mugil which 
could be separated on the basis of their staining 
reaction with lead haematoxylin. In his view these 
may represent the cells responsible for the production 
of the antagonistic chromactivating hormones.
Certainly these observations make the interpretation 
of the results obtained by the author simpler.
From what has been said above it appears that both 
the minnow melanophore-aggregating and the frog 
melanophore-dispersing hormones occur in about 5 times 
as high a concentration in the posterior part of the 
pituitary as in the anterior. In view of the crudity 
of the technique used for separating the two regions 
of the pituitary it seems reasonable to suppose that, 
on the average, 20^ of the me ta-adenohypophysis was 
included in the anterior portion in these experiments.
They thus add confirmation to Stahl’s view.
Nevertheless it is clear that much work remains to be 
done before any final decision concerning the site
8 6 ,
of production of these hormones can be reached. 
Such wox*k was considered to be beyond the scope of 
the present investigation. ^
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Chapter 7.
INFLUENCE OF PROTEOLYTIC ENZYMES ON THE ACTIVITY OF 
CHROMACTIVATING HORMONES IN THE TELRDST PITUITARY.
Experiments on the distribution of the 
chromactivating hormones of the minnow pituitary 
described in the previous chapter suggest that all 
are produced in the meta-adenohypophysis and thus 
provide no direct evidence to confirm or deny the 
existence of more than one hormone responsible for the 
control of colour change in the teleost pituitary.
It is well established that MSH (melanocyte- 
stimulating hormone) from a number of mammalian 
pituitaries is polypeptide in nature and that it is 
readily inactivated by tryptic, but not by peptic 
digestion (Landgrebe, Ketterer & Waring, 1955).
The experiments to be described below were designed 
to investigate whether peptic or tryptic digestion 
had any influence on the teleost chromactivating 
hormones and, if so, whether the action of these 
enzymes could provide evidence in favour of the existence 
of more than one hormone.
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A. The action of pepsin.
A sample of acetone-dried plaice pituitary powder 
was divided into two equal portions. One portion 
was digested with a 1^ solution of pepsin in 
I/IO HCl for two hours at 57^0.; the other portion 
received the same treatment save that the pepsin was 
inactivated by heating at lOO^C.; this portion served 
as a control. When digestion was complete the 
extracts were neutralised with N/lO NaOH using 
bromothymol blue as an indicator and injected into 
intact black-adapted minnows (60-70 mm. in length) and 
into white-adapted frogs (22-27 g* in weight).
The responses of the B region melanophores and the 
erythrophores of minnows, and the hind foot web 
melanophores of the frogs were observed. The results 
of these experiments are summarised in Tables 15, 16 
and 17 and illustrated in Figs. 12, 13 and 14.
It is clear from these observations that digestion 
with pepsin is without effect on the chromactivating 
hormones. Other experiments in which digestion 
was continued for 24 hours, or in which fresh pituitary 
material from minnows was used, support this 
conclusion.
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Table 15.
Influence of peptic digestion on the minnow melanophore 
aggregating activity of acetone-dried plaice pituitary 
powder. Response of B region melanophores.
Dose in
M.I.
Hours after injection 
2 3 4 6 8
Inactive enzyme.
(
10 4.80 2.90 3.70 4.46 4.82
(0.10)(0.26)(0.32)(0.20)(0.06)
50 4.62 1.80 2.62 3.54 3.96 4.48 4.62
(0.11)(0.32)(0.37)(0.28)(0.27)(0.16)(0.10)
Active enzyme.
10 4.74 2.72 3.60 4.58 4.72
(0.12)(0.34)(0.36)(0.18)(0.11)
50 4.96 1.92 2.74 3.56 4.O4 4.62 4.96
(0.04)(0.28)(0.35)(0.37)(0.26)(0.19)(0.04)
All values are means of 10 fish 60-70 mm. long. 
Details of experimental procedure are given on p. 88.
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Pig. 12. Influence of peptic digestion on the 
minnow melanophore-aggregating hormone of plaice 
pituitary. Response of B region melanophores 
of intact black-adapted minnows.
For further data see Table 15, p. 89*
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Table 16.
Influence of peptic digestion on the minnow 
erythrophore-dispersing activity of acetone-dried 
plaice pituitary powder.
B.3.
Dose in
Hours after injection 
0 1 2 3 4 6 8
Inactive enzyme.
^
^0 +++ ++.“ — t —R.
Active enzyme.
M R » R »  t  R " R »  R R R R R R
5 0  - R R . R R  4 " f +  +  +  1  + + —  + + —  + —  — — —
All values are means of 10 fish 60-70 mm. long. 
Details of experimental procedure are given on p. 88.
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Pig. 13. Influence of peptic digestion on the 
minnow erythrophore-dispersing hormone of plaice 
pituitary. Response of erythrophores of intact 
black-adapted minnows.
For further data see Table 16, p. 91.
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Table 17.
Influence of peptic digestion on the frog melanophore 
dispersing activity of acetone-dried plaice pituitary 
powder. Response of hind-foot web melanophores.
Dose in
M.I.
Hours after injection.
0 1 2 3 4 6 8
Inactive enzyme.
10 1.32 3.20 2.46 1.48 1.30
(0.16)(0.18)(0.26)(0.20)(0.12)
50 1.18 4.84 4.12 2.74 1.86 1.20
(0.06)(0.08)(0.12)(0.32)(0.24)(0.16)
Active enzyme.
10 1.26 3.08 2.26 1.32 1.30
(0.13)(0.20)(0.22)(0.14)(0.10)
50 1.42 4.90 4.30 2.86 1.92 1.50 1.36
(0.15)(0.08)(0.23)(0.34)(0.26)(0.17)(0.12)
All values are means of 10 frogs 22-26 g. in weight. 
Details of experimental procedure are given on p.88.
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:Plg. 14. Influence of peptic digestion on the 
frog melanophore-dispersing hormone of plaice 
pituitary* Response of melanophores of hind-foot 
web of white-adapted frogs *
Por further data see Table 17, P# 93*
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B. ®ie action of tryptic enzyme.
For the purposes of this experiment the tryptic 
enzyme was obtained by grinding the abdominal viscera 
of a number of minnows in Young's saline and filtering 
the resulting homogenate. The filtered solution 
had strong tryptic activity at pH 8.0.
A sample of acetone-dried plaice pituitary powder 
was divided into four equal portions which were treated 
as follows
i) Digestion at 26°0. for one hour in 5 ml. of 
Sorenson's phosphate buffer pH 8.0 with 0.5 ml. of 
enzyme solution.
ii) Digestion at 26°0. for one hour in 5 ml. of 
Sorenson's phosphate buffer pH 5.2 with 0.5 ml. of 
enzyme solution.
iii) As (i) but the enzyme inactivated by heating 
at 100°C. for 20 minutes.
iv) As (ii) but the enzyme inactivated by heating 
at 100°C. for 20 minutes.
Samples (iii) and (iv) served as controls. 
Injection of doses equivalent to 25 y*g. of acetone- 
dried powder was made into black-adapted minnows 
(60-70 mm. in length) and into white-adapted frogs 
(22-26 g. in weight). The results are summarised
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in Tables 18, 19 and 20 and illustrated in Figs. 15 
and 16. At pH 8.0 destruction of the minnow 
melanophore-aggregating and erythrophore-dispersing 
hormones and of the frog raelanophore-dispersing 
hormone is complete. Experiments in which fresh 
pituitary material from minnows was used confirm 
these results.
Table 18.
Influence of tryptic digestion on the minnow melanophore 
Aggregating activity of acetone-dried plaice pituitary 
powder. Response of B region melanophores of 
intact black-adapted fish.
M.I.
pH Hours after injection
i
0 1 2 3 4 6
Inactive enzyme.
8.0 4.60 1.86 2.50 3.54 3.90 4.48
(0.13)(0.20)(0.25)(0.31)(0.28)(0.16)
5.2 4.40 2.05 2.30 3.35 3.70 4.38
(0.18)(0.22)(0.26)(0.30)(0.32)(0.21)
Active enzyme.
8.0 4.40 4.36 4.40 4.36 4.40 4.44
(0.18)(0.18)(0.18)(0.18)(0.18)(0,17)
5.2 4.60 3.80 4.04 4.28 4.62 4.60
(0 .12)(0 .24)(0 .20)(0 .15)(0 .13)(0 .12)
All values are means of 10 fish 60-70 mm. long.
Details of experimental procedure are given on p. 95.
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Pig. 15. Influence of tryptic digestion on the 
minnow melanophore-aggregating hormone of plaice 
pituitary. Response of B region melanophores 
of intact black-adapted minnows.
Per further data see Table 18, p. 96.
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Table 19.
Influence of tryptic digestion on the minnow 
erythrophore-dispersing activity of acetone-dried 
plaice pituitary powder. Response of 
erythrophores of intact black-adapted fish.
S.S.
pH Hours after injection
0 1 2 3 4 6
Inactive enzyme.
8.0 +4"— ++“■ +t.»
5.2 ••• ++“ + + —....
Active enzyme.
Q  ^ Ç )  • » * ( * « * •  t m - t m t m  t m t m  tm  a m t m m t  mm mm
^  0  2  mm m -  mm mm mm mmmimmmm mm m t mm
All values are means of 10 fish 60-70 mm. long.
Details of experimental procedure are given on p. 95
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Table 20.
Influence of tryptic digestion on the frog melanophore 
dispersing activity of aoetohe-dried plaice pituitary 
powder. Response of melanophores of hind-foot 
web intact white-adapted frogs.
M.I.
pH Hours after injection
0 1 2  3 4
Inactive enzyme.
8.0 1.27 3.94 4.56 4-07 3-00 1.84
(0.13)(0.24)(0.19)(0.30)(0.36)(0.21)
5.2 1.25 4.30 4.80 4.05 3-40 1.96
{0.11)(0.16)(0.12)(0.27){0.33)(0.19)
Active enzyme.
8.0 1.73 1.87 1.82 1.93 1.66 1.87
(0.16)(0.19)(0.18)(0.22)(0.18)(0.17)
5.2 1.80 2.50 2.00 1.86 1.80 1.78
(0.19)(0.25)(0.26)(0.20)(0.17)(0.16)
All values are means of 10 frogs 22-26 g. in weight. 
Details of experimental procedure are given on p. 95.
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Pig. 16. Influence of tryptio digestion on the 
frog melanophore-dispersing hormone of plaice 
pituitary. Response of hind-foot web melanophores 
of intact white-adapted frogs.
Por further data see Table 20, p. 99#
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The results of the experiments described in this 
chapter suggest that the minnow melanophore-aggregating, 
minnow erythrophore-dispersing and frog melanophore- 
dispersing hormones may be similar in their chemical 
composition. All are apparently uninfluenced by 
pepsin and all are completely inactivated by a 
trypsin-like enzyme of minnow viscera in one hour and 
at pH 8.0 and markedly reduced in potency by digestion 
with the same enzyme at pH 5.2. Imai (1958) 
observed that melanophore-aggregating hormone from 
Parasilurus and Cyprinus pituitaries was similarly 
unaffected by pepsin and inactivated by trypsin, but 
for reasons which are not made clear in his paper he 
did not consider that these observations provided 
evidence for a polypeptide nature of the honnone.
In the author's view the fact that the chromatic hormones 
of taleosts behave similarly to mammalian ffiSH with 
regard to proteolytic digestion suggests that they 
are, like the mammalian hormone, polypeptides and very 
possibly closely related to the mammalian polypeptide. 
This view is supported by observations on the influence 
of treatment of the teleost chromatic hormones with 
hot caustic soda described in Chapter 8.
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Chapter 8.
INPLUEHCE OP EXTBAOTIOH IM ALKALI 01 THE ACTIVITY OP 
CHROMAGIIVATIHG HOMONES IN THE TELEOST PIUJITARY.
It was suggested in the previous chapter that 
the chromactivating hormones of teleost pituitary 
material might he related chemically to MSH (melanocyte- 
stimulating hormone) from mammalian pituitaries since, 
like MSH, they are inactivated by digestion with trypsin 
but unaffected by pepsin. Another characteristic of 
MSH is that treatment with hot caustic soda causes 
a marked increase in the potency of the hormone when 
assayed on amphibia. This effect is of a two-fold 
nature; first, the intensity of the response for any 
given dose is increased, and second, the duration of 
the response, when doses are regulated so that the 
intensity of response is the same for acid and alkaline 
extracts, is also increased. This potentiation 
effect occurs whether the recipient animals are 
hypophysectomised or intact and is clearly not due in 
any way to stimulation of endogenous secretion of 
MSH by the pituitary of the recipient animal (Waring & 
Landgrebe, 1950).
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So far as the author is aware, only Abramowitz 
(1937b) has examined the influence of such treatment 
on the melanophore-dispersing activity of teleost 
pituitary extracts. He found that heating extracts 
of Pundulus pituitary with HaOH (H/10) resulted in a 
25 times increase in melanophorm-dispersing activity 
when assayed on frogs. Such extracts would elicit 
melanophore-dispersion in caudal bands of Piuidulus 
where the response to extracts not treated in this 
way was one of aggregation. This observation adds 
support to the view that the frog melanophore-dispersing 
hormone in teleost pituitary material is closely 
related chemically to MSH. A more detailed analysis 
of the influence of alkali treatment on teleost 
chromactivating hormones is made in this chapter 
to confirm and extend Abramowitz's observations.
A standard preparation of plaice pituitary powder, 
acetone-dried and stored in a desiccator at room 
temperature, was used in the series of experiments 
described below. Samples of this powder were
extracted in two ways.
(i) Acid extract. The powder was extracted
in 0.5JÈ acetic acid at 100^0. for 20 minutes.
The solution was filtered and allowed to cool.
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Immediately prior to injection it was neutralised 
with H/10 HaOH using bromcthymol blue as an indicator.
(ii) Alkaline extract. The powder was 
extracted in H/10 HaOH at 100°C. for 20 minutes.
The solution was filtered and allowed to cool. 
Immediately prior to injection it was neutralised 
with 5$ acetic acid using bromothymol blue as an 
indicator.
The influence of these treatments was analysed 
by examination of the responses of :-
1) Melanophores of intact minnows
2) Melanophores of spinal-sectioned minnows
3) Erythrophores of intact minnows
4) Melanophores of intact catfish
5) Melanophores of intact frogs.
1. Melanophores of intact minnows.
The response of the B region melanophores of 
intact minnows to injections of acid and alkali 
extracts are compared in Pigs. 17, 18, 19 and 20. 
Black-adapted fish (Pigs. 17 and 18) which show a 
marked melanophore-aggregation following injection 
of 5 /eg. of acid extract of the plaice pituitary 
powder show no response to doses of alkali extract 
as high as 125 /eg.
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Pig. 17. Response of B region melanophores of 
intact black-adapted minnows to injections of acid 
extracts of acetone-dried plaice pituitary.
Purthor data are given in Table 21, p. 107.
(Pigure overleaf)
Pig 18. Response of B region melanophores of 
intact black-adapted minnows to injections of 
alkaline extracts of acetone-dried plaice pituitary 
Further data are given in Table 21, p. 107«
(Figure overleaf)
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Table 21.
Influence of extraction of acetone-dried plaice 
pituitary in alkaline and acid media on the response 
of the B region melanophores of intact black-adapted 
minnows.
Bose in M.I.
Hours after injection 
0 ^ 1 2 3 4 5 7
(i) Acid extract (See p. 103)
5 4.72 3.17 3.15 4.05 4.70 -
(0.13)(0.24)(0.25)(0.23)(0.09)
25 4.83 1.97 1.83 3.00 3.77 4.20 4.57
(0.09)(0.35)(0.36)(0.32)(0.32)(0.26)(0.18)
125 4.85 1.05 1.00 2.15 3.13 3.50 3.75 4.40
(0.06)(0.04)(0.00)(0.25)(0.16)(0.22)(0.20)(0.18)
(ii) Alkaline extract (See p. 104)
5 4.64 4.72 4.70 4.60 4.66
(0.16)(0.11)(0.12)(0.19)(0.14)
25 4.82 4.96 4.96 4.90 4.90 4.90
(0.09)(0.04)(0.04)(0.06)(0,06)(0.06)
125 4.62 4.92 4.88 4.90 4.74 4.66 4.68
(0.16)(0.04)(0.05)(0.05)(0.10)(0.14)(0.14)
All values are means of 10 fish 60-70 mm. long.
Pish maintained for 24 hours prior to experiment on 
a black background in continuous light.
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White-adapted intact fish (Pigs. 19 and 20) 
whose initial equilibrium white background M.I. is 
about 1.3 respond to injections of acid extracts by 
a further melanophore -aggregation to M.I. 1.0; 
alkali extracts on the other hand do not cause aggregation 
but a very slight melanophore-di sp ers ion which is not 
statistically significant. More complete data are 
given in Table 21, p. 107, and Table 22, p. 111.
Treatment of plaice pituitary material with alkali 
at lOO^C. thus completely abolishes the melanophore- 
aggregating activity present in acid extracts of such 
material. The possibility that the results obtained
in these experiments were due to a differential
;
extraction from the original material was eliminated 
by treating acid extracts with N/lO NaOH at 100°C. 
for 20 minutes; the results obtained from such 
experiments were identical with those summarised in 
Tables 21 and 22. Experiments in which fresh
minnow pituitary material was used also gave the same 
result.
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Pig. 19. Response of B region melanophores of 
intact white-adapted minnows to injections of acid 
extracts of aoetono-dried plaice pituitary.
Further data,are given in Table 22, p. 111.
(Pigure overleaf)
Pig. 20. Response of B region melanophores of
intact white-adapted minnows to injections of
alkaline extracts of acetone-dried plaice pituitary.
Purther data are given in Table 22, p. Ill,
(F*^ ov* ov&f
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Table 22.
Influence of extraction of acetone-dried plaice 
pituitary in alkaline and acid media on the response 
of the B region melanophores of intact white-adapted 
minnows.
Dose in M.I.
Hours after injection 
0 ^  1 2 3 4 5
(i) Acid extract (See p. 103)
5 1.30 1.02 1.00 1.16 1.30 1.28 1.32
(0.10)(0.02)(0.00)(0.06)(0.10)(0.07)(0.10)
25 1.23 1.00 1.00 1.03 1.29 1.23 1.26
(0.09)(0.00)(0.00)(0.02)(0.10)(0.06)(0.06)
125 1.44 1.00 1.00 1.00 1.26 1.38 I.4O
(0.11)(0.00)(0.00)(0 .00) (0 .09)(0.10)(0.11)
(ii) Alkaline extract (See p. I04)
5 1.46 1.52 1.48 1.46 1.48
(0.12)(0.16)(0.16)(0.14)(0.12)
25 1.16 1.24 1.18 1.18 1.20 1.14
(0.09)(0.10)(0.09)(0.09)(0.10)(0.06)
125 1.32 1.46 1.44 1.30 1.36 1.34 1.42
(0.11)(0.16)(0.14)(0.10)(0.11)(0.11)(0.12)
All values are means of 10 fish 60-70 mm. long, 
ffish maintained for 24 hours prior to eaperiment on 
a black background in continuous light.
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2, Mwlanophores of spinal-sectioned minnows.
In one experiment injection of a single dose of 
5 yOg. of acetone-dried plaice pituitary powder was 
made into minnows spinal-sectioned ten days prior to 
the commencement of the experiment and maintained 
since the operation in continuous illumination on the 
appropriate background. : !Ehe responses of black
- t  '  i ’ * '
and white-adapted fish to acid and alkali extracts 
at this level of dosage are compared in Pig# 21#
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Fig# 21. Response of B region melanophores of 
spinal-sectioned black and white-adapted minnows 
to injections of acid and alkaline extracts of 
acetone-dried plaice pituitary powder ^ S^. fc^  
Further data are given in Table 23» P« 113 •
113.
Tabla 23.
Influence of extraction of acetone-dried plaice 
pituitary in alkaline and acid media on the response 
of the B region melanophores of spinal-sectioned 
black and white-adapted minnows.
Dose = 5 of acetone-dried powder.
M.I.
Hours after injection 
0 1 2 3 6 8 12
(i) Acid extract (See p. 103)
Black-adapted fish
4.12 1,80 2.20 3.31 3.75 4.02 4.15 4.20
(0.23)(0.30)(0.38)(0.35)(0.35)(0.23)(0.23)(0.22)
White-adapted fish
1.23 1.14 1.26 1.17 1.37 1.23 - 1.20
(0.09) (0.07) (0 .10X 0 .07) (0.11) (0.10) (0.09)
(ii) Alkaline extract (See p. 104)
Black-adapted fish
4.52 4.60 4.60 4.76 4.76 4.76 4.62 4.54
(0.10)(0.07)(0.07)(0.04)(0.05)(0.05)(0.06)(0.09)
White-adapted fish
1.50 2.44 2.46 2.82 3.00 2.74 2.26 2.00
(0.15)(0.20)(0.24)(0.28)(0.30)(0.28)(0.22)(0.17)
All values are means of 10 fish 60-70 mm. long, 
fish spinal-sectioned 10 days prior to experiment and 
maintained since the operation in continuous illumination 
on the appropriate background.
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As in the case of the intact fish the melanophore- 
aggregating influence present in the acid extracts 
of plaice pituitary is completely abolished, by alkali 
treatment. In addition the alkaline extracts cause, 
particularly in white-adapted fish, a well marked 
melanophore-disp ersion.
In a second experiment the effect of extraction 
in a mildly alkaline medium was examined. An extract 
was prepared by heating a sample of the acetone-dried 
plaice pituitary powder in tap-water (pH 8,0) for 20
minutes at 100°G. The responses of th^ A/region 
melanophores to acid, alkaline (HaOH) and tap-water 
extracts (all doses equivalent to 5 of pituitary 
powder) are compared in Fig. 22. The results are 
tabulated in Table 24, p. 116.
A number of interesting points emerge from this 
experiment. Extraction in tap-water markedly reduces 
the potency of the melanophore-aggregating hormone as 
compared with the level in aoid extracts. The 
white-adapted fish show no response for about one 
hour after injection; the melanophores then begin to 
disperse and reach a maximum M.I. at about the same 
time as that reached following injection of alkaline 
(HaOH) extracts though the response is not as great.
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The response of the B region melanophores is essentially
: ,1 ■ ' ■) ' ■ '. •
similar to that of the A region melanophores but less
well defined.
■Q =  AiOD.
"O =  Tap Wate-R.. 
=  Al k a u .
DISPERSION
AGGREGATION
6 8 12O 4 lO2
HOURS
Pig. 22. Response of the A region melanophores
of white-adapted spinal-sectioned minnows to injection 
of aoid, alkaline (HaOH) and tap-water extracts of 
acetone-dried plaice pituitary measured as the change 
in M.I. following injection.
Further data are given in Table 24$ p. 116, and in 
the text on p. 114#
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Table 24.
Influence of extraction of acetone-dried plaice pituitary 
in alkaline (HaOH), tap-water and acid media on the 
response of the A region melanophores of spinal-sectioned 
black and white-adapted minnows.
Dose = 5 ywg. of acetone-dried powder.
Change in M.I.
Hours after injection
0 1 2 3 6 8 12
(i) Acid extract (See p. 103)
Black-adapted fish
0.00 -2.00 -1.55 -0.75 -0.35 -0.08 -0.05 -0.05
White-adapted fish
0.00 -0.37 -0.17 +0.05 +0.08 +0.03 - +0.02
(ii) Alkaline extract (See p. IO4)
Black-adapted fish
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
White-adapted fish
0.00 +1.04 +1.00 +0.98 +1.14 +0.94 +O.48 +0 .I4
(iii) Tap-water extract (See p. II4)
Black-adapted fish
0.00 -1.18 -0.76 -0.14 0.00 +0.08 +0.06 +0.06
White-adapted fish
0.00 -0.02 +0.10 +0.66 +0.78 +0.64 0.00 -0.10
All values are means of 10 fish 60-70 mm. long.
Fish spinal-sectioned 10 days prior to ea^eriments and 
maintained since the operation in continuous illumination 
on the appropriate background.
+  a bllS^C'TStow
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These results suggest that two antagonistic factors 
are at work; a melanophore-aggregating and a melanophore' 
dispersing factor. In acid extraction the amount 
of melanophore-dispersing activity present is 
insignificant; mildly alkaline extraction conditions 
result in an increase in the amount of melanophore- 
dispersing activity and a decrease in melanophore- 
aggregating activity; strongly alkaline extraction 
completely destroys the melanophore-aggregating activity 
and further increases the melanophore-dispersing effect. 
Further discussion of the significance of these 
observations is reserved till a later section of this 
chapter.
3. Erythrophores of intact minnows.
As has already been described, tne erythrophores 
of intact minnows disperse following injection of 
aoid extracts of teleost pituitary material.
Extraction in alkaline media as described above (p.l04) 
completely abolishes the erytiirophore-dispersing 
effect, that is the hormone behaves like the 
melanophore-aggregating hormone in this respect.
This observation agrees with those of Jores & Lenssen 
(1933) and Astwood (1938). Extraction of plaioe
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pituitary material in hot tap water similarly reduces 
the erythrophore-dispersing potency of the extract as 
compared with identical doses of acid extract.
Results of these e^q^eriments are summarised in Table 25.
Table 25.
Influence of extraction of acetone-dried plaice pituitary 
in alkaline (NaOH), tap-water and aoid media on the 
response of the erythrophores of intact black-adapted
minnows.
Dose in E.3.
Hours after injection 
0 ^  1 2 3 4 5
(i) A d d  extract (See p. 103)
25 4"+4" ++ — t «.#. mmmmrnm
(ii) Alxaline extract (See p. IO4)
^  tm  mm am mm am mm wmmm mm mmimmm.
2  ^  m m m tam  mm am am am am am am ma am m t am am am am am maam am
(iii) Tap-water extract (See p. 114)
^  ^ a a a a tm  am am -f- M  a» t  ##«*, mm mm am maam am
2 ^ am am am «f-t am t #.«# am ma am am am am
All values are means of 10 fish 60-70 mm. long.
Fish maintained for 24 hours prior to experiment on 
a black background in continuous light.
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4. Melanophores of intact catfish.
The catfish was selected as a suitable teleost 
for comparison with the minnow since the normal response 
of the melanophores to pituitary injections is one of 
dispersion. Injections of three dose levels of 
an acid extract (see p. IO3) and two dose levels of 
an alkaline extract (see p. IO4) were made into intact 
white adapted catfish and the melanophore responses 
observed. Data for the response to acid extracts 
have already been presented in Table 7, p. 58 and will 
not be repeated here; Fig. 23 is a graphical representation 
of these results. The results of injection of the 
alkaline extract are summarised in Table 26, p. 122, 
and presented graphically in Fig. 24.
Examination of Figs. 23 and 24 shows that alkali 
treatment has a substantial influence on the catfish 
melanophore-dispersing activity, the potency of which, 
in terms of intensity of response,appears to be reduced 
to about l/5th of that of acid extracts; the duration 
of response appears to be little influenced.
Black-adapted fish showed no significant response 
to either acid or alkaline extracts.
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Fig. 23. Response of melanophores of intact 
white-adapted catfish to injections of acid extracts 
of acetone-dried plaice pituitary.
Further data are given in Table 7, p. 58 and in 
the text on p. 119.
(Figure overleaf)
Fig. 24. Response of melanophores of intact 
white-adapted catfish to injections of alkaline 
extracts of acetone-dried plaice pituitary. 
Further data are given in Table 26, p. 122, 
(Figure overleaf)
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Table 26.
Response of the melanophores of intaot white-adapted 
catfish to injections of an alkaline extract of 
acetone-dried plaice pituitary.
Rose in H.I.
Hours after injection 
0 1 2  3 4 6 8
25 1.24 1.42 1.33 1.22
{0.05)(0.09)(0.07)(0.05)
125 1.36 3.68 3.52 3.04 2.90 2.38 1.36
(0.06)(0.24)(0.24)(0.22)(0.20)(0.16)(0.06)
All values are the means of 10 fish 4.5 - 5.5 g. in weight. 
Pish were maintained on a white background in continuous 
illumination for 4 days prior to experiment.
Retails of the extraction procedure are given on p. 104.
5. Melanophores of intact frogs.
Intact white-adapted frogs were injected with 
three dose levels of an acid extract (see p. 103) 
and two dose levels of an alkaline extract (see p. 104)
of acetone-dried plaice pituitary material. Rata 
for the response to acid extracts have already been 
presented in Table 10, p. 64 and will not be repeated
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here; Pig. 25 is a graphical representation of these 
results. The results of injection of the alkaline 
extract are summarised in Table 27, and presented 
graphically in Pig. 26.
Table 27.
Response of the hind-foot web melanophores of white- 
adapted intact frogs to injections of an alkaline 
extract of acetone-dried plaice pituitary.
Rose in M.I.
Hours after injection 
0 1 2 3 4 6 8  10
1.46 2.56 2.78 1.94 1.80 1.50
(0.24)(0.34)(0.25)(0.31)(0.30)(0.25)
1.06 3.80 4.54 4.32 4.24 3.98 2.94 2.24
(0.04)(0.17)(0.14)(0.17)(0.21)(0.25)(0.34)(0.33)
All values are the means of 10 frogs 22 - 26 g. in weight. 
Retails of the extraction procedure are given on p. 104.
These results entirely confirm those of Abramowitz 
(1937b) and are in agreement with the generally observed 
fact that the frog melanophore-dispersing activity
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Pig. 25. Response of the hind-foot web 
melanophores of intact white-adapted frogs to 
injections of acid extracts of acetone-dried 
plaiBe pituitary.
îtirther data are given in Table 10, p. 64 and in 
the text on p. 122.
(figure overleaf)
Pig. 26. Response of the hind-foot web 
melanophores of intact white-adapted frogs to 
injections of alkaline extracts of acetone-dried 
plaice pituitary.
further data are given in Table 27, p. 123. 
(figure overleaf)
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of pituitary extracts is increased by treatment with 
hot KaOH. In the experiments described here the 
increase in potency as judged on the basis of the 
maximum response at each dose is of the order of 
5005ÈJ doses giving similar intensity of response 
result in a two-fold increase in the duration of the 
response.
The influence of alkali treatment on the 
chromactivating hormones of the plaice pituitary may 
be summarised as follows :-
(i) it abolishes the minnow melanophore-aggregating
effect
(ii) it abolishes the minnow erythrophore-dispersing
effect
(iii) it results in the appearance of a minnow 
melanophore-dispersing effect
(iv) it reduces the catfish melanophore-dispersing
effect in intensity but not in duration
(v) it increases the frog melanophore-dispersing
effect both in intensity and duration.
Clearly these results may be interpreted in terms 
of the differential destruction and potentiation of 
two or more hormones though they do not in themselves
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provide any evidence for the existence of more than 
one hormone, at least so far as the control of 
melanophore responses is concerned, since in the 
author's view they are open to interpretation in terms 
of a single hormone.
Work in the field of melanophore-stimulating 
hormones of mammalian origin indicates that melanophore' 
dispersing activity in various pure polypeptide 
hormones is due to the existence of a sequence of 
seven amino-acids.
Met. Glu. His. Phe. Arg. Try. Gly 
(Iiee & Lemer, 1959). This sequence is found in 
both ot-MSH and |^ -M3H from the pig, in ox MSH, and 
in corticotropin A and corticotropin B, all of which 
have melanophore dispersing activity. Confirmation 
of this view comes from the successful synthesis by 
Sohwyzer à Li (1958) of a pentapeptide 
His. Phe. Arg. Try. Gly 
(i.e. the last five amino-acids in the heptapeptide 
sequence occurring in M3H and the corticotropins) which 
has melanophore-dispersing activity. Further, this 
activity is increased by treatment with hot HaOH.
It is possible to visualise a polypeptide hormone 
produced by the teleost pituitary whose function is 
the stimulation of the melanophores; in the case of
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the minnow this stimulation results in the aggregation 
of the melanophores, in the catfish in their dispersion. 
Contained within the molecule there is a sequence of 
amino-acids similar to, or identical with, the 
heptapeptide sequence Met.Glu.His.Phe.Arg.Try.Gly; 
as a consequence of this the hormone has a melanophore- 
dispersing influence on frog melanophores. Alkali 
treatment results in the destruction of the teleost 
melanophore-stimulating activity and potentiation of 
the frog melanophore-dispersing activity. As a 
result the minnow melanophore-aggregating and the 
catfish melanophore-dispersing activity are lost.
Only a potentiated frog melanophore-dispersing hormone 
remains. It is well established that hormones of 
mammalian origin which possess frog melanophore- 
dispersing activity will cause melanophore-dispersion 
in the catfish and probably also in the minnow 
(Table 2, p. 42). It is thus not surprising that
in the experiments described above both catfish and 
minnow showed melanophore-dispersion following injections 
of the alkaline extract of plaice pituitary. Such 
an interpretation covers almost all the observed facts 
and adds weight to the point made earlier that the 
difference in response of teleost melanophores to 
identical pituitary preparations may be due not to
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a multiplicity of hormones in these extracts but to 
differences in the physiology of the responding 
melanophores.
One problem remains. Is the minnow erythrophore- 
dispersing hormone identical with the melanophore- 
stimulating hormone postulated above or is it a 
separate substance ? Experiments on the distribution 
of the chromactivating hormones in the minnow 
pituitary and on the influence of proteolytic enzymes 
on their activity suggest that it may be identical 
with the melanophore-stimulating hormone. The 
experiments described in this chapter neither confirm 
M^or deny such an interpretation. Further discussion 
of this point is reserved till Chapter ^  when all 
the available evidence has been presented.
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Chapter 9.
aCLÜBIlilïY OF THE CHROMAOTIVATIHG HORMONES OP THE 
TELEOST PITUITARY IN ORGANIC SOLVENTS.
If the view expressed in previous chapters that 
the minnow melanophore-aggregating and frog melanophore- 
dispersing hormones of teleost pituitary material are 
one substance is correct it should not be possible to 
separate the two activities. Enami (1955), however, 
found that it was possible to isolate a melanophore- 
aggregating hormone from the pituitary of Parasilurus 
asotus by extraction with ethanol. The melanophore- 
aggregating hormone tended to be concentrated in the 
alcohol-insoluble fraction which was relatively free 
of melanophore-dispersing activity, while the 
melanophore-dispersing hormone, which in extracts of 
whole gland largely masked the melanophore-aggregating 
activity, was concentrated in the alcohol-soluble 
fraction.
Wilhelmi & Pickford (cited in Pickford & Atz, 1957), 
using pituitary material obtained chiefly from 
Pollaohius virens and Urophyois tenuis, were unable 
to confirm this. They found that the melanophore- 
aggregating activity (assayed on intact Pundulus
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heteroolltus) was much higher in the alcohol-soluble 
fractions, the reverse of Enami«3 observations.
While Enami did not describe the precise method he 
used for fractionation, that used by Wilhelmi & Pickford 
is given in Pickford à Atz (1957). ” The material
was suspended in 0.041^  acetic acid and heated for 
10 min. in excess of 70^0. The insoluble material 
was centrifuged off and the clear yellow extract was 
concentrated under reduced pressure to 5~10^ of its 
original volume. Seven to nine volumes of 95^ 
alcohol were added, and the precipitate which formed 
was allowed to settle in water and lyophilized.
The alcohol supemates were concentrated to a small 
volume under reduced pressure and lyophilized."
Table 28, p. 132, is taken from Pickford & Atz (1957) 
and summarises the results obtained by Wilhelmi & 
Pickford. It will be noted that in every case the 
alcohol-soluble fraction contains 5~10 times the 
melanophore-aggregating activity present in the 
alcohol-insoluble fraction* Only in one case 
has there been any significant concentration of 
melanophore-dispersing activity in the alcohol- 
soluble fractions. There is however no correlation 
between the melanophore-aggregating and melanophore- 
dispersing activity, " indicating that the two
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hormones behave independently " (Pickford & Atz, 
1957).
Table 28.
(from Pickford & Atz, 1957)
Relative amounts of melanophore-concentrating and 
melanophore-dispersing hormone in fish pituitary
fractions.
Donor species Fraction MCH assay MSH assay
Chiefly Alcohol-insoluble 1 0.89 X 106
Pollaohius
virens Alcohol-soluble 10 0.46 X 10^
Chiefly Alcohol-insoluble 10 0.05 X 10^
Pollaehius
virens Alcohol-soluble 50 1.7 X 106
Chiefly Alcohol-insoluble 20 3.8 X 10^
Urophyois
tenuis Alcohol-soluble 200 1.0 X 10^
MCE assay on intact Pundulus hetaroolitus.
MSH assay by method of Shizume, Lemer & Fitzpatrick
(1954).
Imai (1958) extended the experiments of Enami
(1955) and confirmed his results. Imai's extraction 
technique differed from that of Wilhelmi & Pickford. 
Preeze-dried pituitaries were extracted in petroleum
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ether and the supernatant discarded; the residue was 
extracted in boiling dilute HOI (pH 4.0) and then 
centrifuged. The residue provided Fraction 1.
The supernatant was lyophilized and extracted with 
95^ ethanol; the residue from this extraction provided 
Fraction 2; the supernatant Fractions 3 and 4.
All the melanophore-aggregating activity was concentrated 
in Fractions 1 and 2; all the melanophore-dispersing 
activity in the alcohol-soluble fractions.
A series of experiments designed to extend these 
observations was made using plaice (Pleuronectes 
platessa) and whiting (Gradua merlangus) pituitary 
material.
1. A sample of acetone-dried plaice pituitary 
powder was extracted in distilled water for 25 minutes 
at room temperature, then centrifuged and the residue 
discarded. 1.3 ml. of the supernatant (A) was made 
up to 10 ml. with 100^ ethanol. 2 drops of glacial 
acetic acid were added and the mixture heated on a 
water bath at 60^0 for about 5 minutes when a heavy 
precipitate was formed. The mixture was centrifuged 
and the supernatant (B) and the residue (0) were 
evaporated almost to dryness on a water bath at 80^0.
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The residues from B and C were extracted in I.3 ml. 
each of distilled water for 20 minutes and the extracts 
injected into spinal-seotioned minnows adapted to black 
and white backgrounds, each fish receiving 0.1 ml. of 
the extract.
Table 29.
Response of melanophores of black-adapted spinal- 
seotioned minnows to injection of ethanol-soluble 
and ethanol-insoluble fractions of acetone-dried
plaice pituitary.
Me lanophor e M.I.
region.
Hours after injection.
0 i 1 li 2 3i 5
Fraction B ... ethanol-soluble (See p. 133)
B 4.16 1.08 - 1.00 - 1.56 2.64
(0.22)(0.04) (0 .00) (0 .17)(0 .25)
A 4.72 1.64 - 1.28 - 2.40 3.76
(0 .12)(0 .22) (0 .11) (0 .31)(0 .33)
Fraction C ... ethanol-insoluble (See p. 133)
B 4.52 2.68 2.12 - 2.60 3.08 3.56
(0.20)(0.26)(0.22) (0.32)(0.33)(0-36)
A 4.84 3.16 2.88 - 3.36 3.80 4.04
(0 .09)(0,36)(0 .33) (0 .39)(0.37)(0 .34)
All values are the means of 10 fish 60-70 mm. long. 
Fish maintained for 10 days on a black background in 
continuous illumination following the operation. 
Details of experimental procedure are given on p. 133
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The responses of the B and A region melanophores 
were observed as well as those of the erythrophores. 
The results are illustrated in Figs. 27, 28 and 29 
and tabulated in Tables 29, 50 and 51.
Table 50.
Response of melanophores of white-adapted spinal- 
seotioned minnows to injection of ethanol-soluble 
and ethanol-insoluble fractions of aoetone-dried
plaice pituitary.
Me lanophor e M.I.
region.
Hours after injection 
0 i 1 li 2 5
Fraction B ... ethanol-soluble (See p. 155)
B 1.25 1.05 : - 1.10 - 2.45 2.90
(0.11)(G;05) (0.04) (0.27)(0.52)
A 1.60 1.30 - 2.05 - 3.30 3.25
(0.12)(0.06) (0.16) (0.36)(0.33)
Fraction C ... ethanol-insoluble (See p. 153)
B 1.76 1.44 1.32 - 1.76 2.24 2.04
(0.18)(0.11)(0.10) (0.16)(0.19)(0.18)
A 2.52 2.28 2.24 - 3.32 3.36 2.68
(0 .22)(0 .23)(0 .22) (6.37)(0.40)(0.34)
All values are the means of 10 fish 50-70 mm. long. 
Fish maintained for 10 days on a white background in 
continuous illumination following the operation. 
Details of experimental procedure are given on p. 133.
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Pig. 27. Response of' the melanophores of black 
adapted spinal-seotioned minnows to injection of 
ethanol (alcohol) soluble and ethanol-insoluble
I .(
fractions of acetone-dried plaice pituitary. 
Further data are given in Table 29, p. 134*
(Figure overleaf)
Pig. 28. Response of the melanophores of white 
adapted spinal-seotioned minnows to injection of 
etnanol (alcohol) soluble and ethanol-insoluble 
fractions of acetone-dried plaice pituitary. 
Further data are given in Table 30, p. 135«
(Figure overleaf)
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Table 31.
Response of erytiirophores of black and white-adapted 
spinal-seotioned minnows to injection of ethanol- 
soluble and ethanol-insoluble fractions of acetone- 
dried plaice pituitary.
B.S.
Hours after injection 
0 1 1*5 2 3i 5
Fraction B ... ethanol-soluble (See p. 133)
Black- +++ +4-4' ++-
adapted
White- ..... +++ +++ ++± +t-
adapted
Fraction 0 ethanol-insoluble (See p. 133)
Black — ... +.. ++. ++. +t. +t**»
adapted
White — ... t.. +t. +.. ... ...
adapted
All values are the means of 10 fish 60-70 mm. long. 
Fish maintained for 10 days on a white or black 
background in continuous illumination following the 
operation.
-Details of experimental procedure are given on p. 133#
139.
0  =  ALC. SOL.
Q  =  ALC. INSOL.
E.S.
+ —
HOURS
Pig. 29. Response of the erythrophores of black' 
adapted and white-adapted spinal-seotioned minnows 
to injection of ethanol (alcohol) soluble and 
ethanol-insoluble fractions of acetone-dried plaice 
pituitary.
The small circles are the separate values for 
black and white-adapted fish, the large circles the 
mean value for both groups.
Further data are given in Table 31> P« 138.
Consideration of Pig. 27, p. 137 shows clearly 
that the minnow melanophore-aggregating hormone is 
present in muoh higher concentration in the ethanol- 
soluble fraction than in the ethanol-insoluble fraction. 
The same is true of the erythrophore-dispersing hormone
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(Pig. 29, p. 139). The response of the white- adapted 
fish is especially interesting. As a result of 
making the initial extraction in distilled water rather 
than acid conditions these fish show the characteristic 
overshoot already described in Chapter 8 on p. II4.
Pig. 28, p. 137, shows that this overshoot is 
less obvious following injection of the ethanol- 
insoluble fraction than following injection of the 
ethanol-soluble fraction. This suggests that, like 
the minnow melanophore-aggregating and erythrophore- 
dispersing hormones, the factor which causes melanophore- 
dispersion in the minnow is also concentrated in the 
ethanol-soluble fraction.
2. A sample of aoetone-dried plaice pituitary 
powder was extracted in 2 ml. of 0 .5^  acetic acid on 
a water bath at 80°C. for five minutes and then allowed 
to stand for 30 minutes at room temperature.
The solution was centrifuged and the supernatant poured 
off and divided into two portions of 0.8 ml. (A) and 
1.0 ml. (B). The volume of both A and B was
reduced to about one half by heating on a water bath 
at 80°C. A was allowed to cool and made up to 1.6 ml. 
with distilled water. 10 volumes of IOO5É ethanol 
were added to B and after several minutes shaking
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a precipitate was formed. The mixture was 
centrifuged and the supernatant (C) and the residue 
(D) evaporated almost to dryness under reduced 
pressure. The residues from 0 and D were extracted 
in 1 ml. each of distilled water for 20 minutes, and 
the extracts, together with the control (A), were 
injected into spinal-seotioned black-adapted minnows 
and the response of the B and A region melanophores 
and of the erythrophores observed. The results 
of this experiment are summarised in Table 32, p. 142 
and Table 33, P. 145, and illustrated in Pigs. 30 
and 31 on p. 144.
The data presented in Tables 32 and 33, and in 
Pigs. 30 and 31, confirm the conclusion reached in 
experiment (1) (p. 139) that the minnow melanophore- 
aggregating and erythrophore-dispersing hormones 
both occur in higher concentration in the ethanol- 
soluble fraction than in the ethanol-insoluble 
fraction. These observations thus add some weight 
to the view that the two effects are brought about by 
one substance.
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Table 32.
Response of melanophores of black-adapted spinal- 
seotioned minnows to injection of an acid extract, 
and ethanol-soluble and ethanol-insoluble fractions 
of the extract, of aoetone-dried plaice pituitary.
Melanophore M.I.
region
Hours after injection 
0 ^ 1 2 4 6
Initial acid extract A (See p. 140)
B 3.75 1.15 1.10 1.30 2.50 3.35
(0.26)(0.06)(0.03)(0.07)(0.18)(0.25)
A 4.70 1.75 1.50 3.10 3.90 4.55
(0.17)(0.10)(0.08)(0.35)(0.33)(0.19)
Fraction C ... ethanol-soluble (See p. I4I)
B 4.04 1.48 1.32 1.96 3.04 3.56
(0.28)(0.07)(0.07)(0.11)(0 .24)(0 .33)
A 4.68 2.08 2.12 3.16 3.56 4.20
(0.11)(0.13)(0.14)(0.30)(0.31)(0.24)
Fraction D ... ethanol-insoluble (See p. I4I)
B 3.56 1.96 2.32 2.40 3.00 3.50
(0 .30)(0 .15)(0 .19)(0 .17)(0 .30)(0 .28)
A 4.52 3.36 3.26 3.68 3.96 4.54
(0 .14)(0 .32)(0 .33)(0 .19)(0 .20)(0 .15)
All values are the means of 10 fish 60-70 mm. long. 
Pish maintained for 10 days on a black background in 
continuous illumination following the operation. 
Details of experimental procedure are given on p. I40
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Pig* 30. Response of the B region melanophores 
of black-adapted spinal-seotioned minnows to 
injection of an acid extract (control), and ethanol 
(alcohol) soluble and ethanol-insoluble fractions 
of the extract, of aoetone-dried plaice pituitary. 
Purther data are given in Table 32, p. 142 and in 
the text on p. I40.
(Figure overleaf)
Pig. 31. Response of the A region melanophores 
of black-adapted spinal-seotioned minnows to 
injection of an acid extract (control), and ethanol 
(alcohol) soluble and ethanol-insoluble fractions 
of the extract, of aoetone-dried plaice pituitary. 
Further data are given in Table 32, p. 142 and in 
the text on p, I40.
(Figure overleaf)
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Table 33.
Response of erythrophores of black-adapted spinal- 
sectioned minnows to injection of an acid extract, 
and ethanol-soluble and ethanol-insoluble fractions 
of the extract, of acetone-dried plaice pituitary.
E.S.
Hours after injection 
0 ^ 1 2 4 6
Initial acid extract A (See p* I40)
Fraction 0 ••• ethanol-soluble (See p. I4I)
tmmu» 4»+-f* +4*4' +  +  +  + + t  +  "##*
Fraction D ethanol-insoluble (See p. I4I)
All values are the means of 10 fish 60-70 mm* long* 
Fish maintained for 10 days on a black background in 
continuous illumination following the operation. 
Details of experimental procedure are given on p. 140*
3, A sample of acetone-dried whiting pituitary 
powder was extracted in 5% acetic acid for 24 hours 
at room temperature. 1 ml. of this solution was
diluted to 2 ml. with distilled water and centrifuged. 
The residue was discarded and the supernatant (A) was
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filtered. 1 ml. of A was made up to 10 ml. with 
955ê alcohol, 10 drops of glacial acetic acid were 
added and the mixture was centrifuged after 20 minutes 
standing. The supernatant was filtered and the 
filter paper retained for extraction with the residue. 
The filtered supernatant (B) was reduced to dryness 
under reduced pressure and extracted in 3 ml, of 
5*^ acetic acid. Ttie residue (C) and the filter 
paper were extracted in the same volume of 5^ acetic 
acid. Prior to injection both fractions were
neutralised with 10^ HaOH with bromothymol blue as 
an indicator and made up to 5 ml. with distilled 
water. The extracts were injected into intact
black-adapted minnows and into intact white-adapted 
frogs. The results are summarised in Table 34
on p. 147.
The results obtained in the experiments described 
above fully confirm Wilhelmi & Pickford's conclusion 
(cited in Pickford & Atz, 1957) that the teleost 
melanophore-aggregating and the frog melanophore- 
dispersing hormones in the teleost pituitary cannot 
be separated by fractionation in alcohol. Unlike 
those workers, however, the author's view is that 
both these principles, and the erythrophore-dispersing
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Table 34.
Response of the melanophores of Intact black-adapted 
minnows and intact white-adapted frogs to Injection 
of ethanol-soluble and ethanol-insoluble fractions of 
aoetone-dried whiting pituitary.
Minnow Prog
Region
B
Region
A
Hind-foot
web.
Fraction B ... ethanol-soluble (See p . 146)
M.I. prior to 
injection
4.62
(0.17)
4.74
(0.15)
1.84
(0.19)
M.I. one hour 
after injection
2.52
(0.28)
3.84
(0.31)
4.00
(0.22)
Difference 
in M.I. 2.10 0.90 2.16
Fraction 0 ... ethanol-insoluble ( See p. 146)
M.I. prior to 
injection
4.90
(0.04)
4.66
(0.15)
2.32
(0.22)
M.I. one hour 
after injection
3.64
(0.25)
3.94
(0.34)
3.32
(0 .32)
Difference in 
M.I. 1.26
0,72 1.00
All values are the means of 5 animals; minnows 60-70 mm 
long, frogs 22-26 g. in weight. Minnows maintained 
on a black background for 24 hours in continuous light 
before experiment; frogs on a white background for 
48 hours in continuous light.
Details of experimental procedure are given on p.145.
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hormone, are all clearly more readily soluble in 
alcohol than not; the experiments described above 
do not provide any evidence to favour the view that 
the minnow melanophore-aggregating hormone and the 
frog melanophore-dispersing hormone are behaving as 
different substances with different solubilities in 
alcohol*
lliese conclusions are entirely at variance with 
those reached by Enami (1955) and Imai (1958).
One difference in the present work as compared with 
that of these Japanese workers is that, in their 
experiments, assay of both melanophore-aggregating 
and melanophore-dispersing activity was made on the 
same species, the catfish Parasllurus* In view of 
the wide discrepancy some other experiments made by 
Imai and described in his paper were repeated using 
plaice pituitary material*
Imai (1958) found that the melanophore-aggregating 
principle of Oyprinus and Parasllurus pituitary 
material was readily soluble in acetone but not in 
petroleum ether* A sample of freshly collected 
plaice pituitary material (taken from fish oau^t at 
Plymouth, Devon within 15 minutes of capture) was 
homogenised in acetic acid and heated at 100^0 *
for 20 minutes* The solution was centrifuged
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and the residue discarded. The supernatant was 
divided into 5 equal lots, each of 1 ml. These 
lots were treated as follows ;-
1. Neutralised with H/10 NaOH using bromothymol
blue as an indicator and made up to 3 ml. with 
distilled water. This sample acted as a control.
2. Added to 50 ml. of anhydrous acetone. The
dense precipitate which formed was centrifuged down 
and the residue and the supernatant separated and 
reduced to dryness under reduced pressure. The 
dried powders were re-extracted in 5^ acetic acid
at lOO^C. for 20 minutes, neutralised with N/10 MaOH 
using bromothymol blue as an indicator and made up# 
to 3 Gil. with distilled water.
3. Added to 50 ml. of anhydrous petroleum ethex*;
the subsequent treatment was as described in (2).
4. Added to 50 ml. of n-butanol; the subsequent
treatment was as described in (2).
5. Added to 50 ml. of 0.5^ acetic acid. No 
precipitate was formed so the whole of the sample was 
reduced to dryness under reduced pressure and the dried 
powder extracted as described in (2). This sample 
acted as a second control.
The results of such treatment on the minnow melanophore* 
^ëë^regating hormone are summarised in Table 35, p$ 150.
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Table 35*
Response of B region melanophores of intact black- 
adapted minnows to injections of various fractions 
of freshly collected plaice pituitary material.
M.I.
Hours after injection 
0 1 2 3 4 6
1. Control (See p. 149)
4.66 1.72 2.94 3.70 4.31 4.60
2. Treated with acetone (See p. 149)
fiction 1*96 2.96 3.84 4.64 4.86
^fraction 4.72 4.80 4.84 4.86 4.82
3. Treated with petroleum ether (See p. 149)
Insoluble 4.74 1.88 3.06 3.86 4.60 4.72
fraction
^fSSion 4-70 4.90 4.90 4.90 4.90 4.90
4. Treated with n-butanol (See p. 149)
^fraction 4*70 2.44 3.62 4.24 4.70 4.72
Soluble ^,84 3.66 4.24 4.66 4.66 4.64
fraction
5 ♦ Control (See p . 149)
4.80 1.88 3.00 3.80 4.46 4.76
All values means of 10 fish 60-70 mm. long.
Fish maintained on a black background in continuous 
illumination for 24 hours prior to experiment.
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The eaperiments summarised in Table 35 on 
p. 150 confirm Imai'3 observation (1958) that the 
melanophore-aggregating hormone is insoluble in 
petroleum ether but do not support his contention 
that the hormone is readily soluble in acetone.
This result, together with the observations on alcohol 
solubility, suggest that the substance which Imai 
described is very different from the one we are 
concerned with here.
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Chapter 10;
ELECTROPHORETIC FRACTIONATION OF THE CHROMACTIVATINC 
HORMONES OF THE TELEOST PITUITARY.
While the experiments described in earlier sections 
of this thesis suggest that the minnow melanophore- 
aggregating and erytiirophore-dispersing and the frog 
melanophore-dispersing hormones are in fact one 
substance, probably polypeptide in nature, they do 
not entirely preclude the possibility that two or 
more rather closely related substances may be involved. 
The purpose of the experiments described in this chapter 
was to determine whether it was possible to separate 
the chromaotivating hormones by means of the technique 
of filter-paper electrophoresis.
This technique has developed in the last 15 years 
into a standard laboratory tool for the analysis of 
protein and polypeptide mixtures. Reviews of the 
subject are numerous and mention need only be made 
of a few of the more comprehensive works which cover 
such topics as types of apparatus, the theory of the 
migration of charged particles in an electric field 
and the staining and other methods of characterisation 
of substances separated by such techniques. These
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include works by Kunkel & Tiselius (1951), Block,
Durrum & Zweig (1955), Lederer (1955) and Stem (1956).
A very large number of experiments have been 
made by the author using this technique; since they 
all gave very similar results only a selection has 
been described here. Two types of apparatus have 
been used and the experiments made with each will be 
considered separately.
A. Hanging strip apparatus.
1. Design of apparatus.
The apparatus was based on the arrangement used 
by Knowles, Carlisle à Dupont-Raabe (1955)• The 
filter paper strip is suspended over a glass rod with 
its ends dipping into two vessels containing a buffer 
solution. The electrodes are placed in two 
separate buffer-filled vessels separated from the first 
by a short tube packed with glass wool; the purpose 
of this separation is to prevent the passage of electrolysis 
products from the electrodes to the filter paper with 
resulting disturbance of the pH in the paper strip.
Full details of the design are given in Appendix ZZ ,
p.
154;
2. Source of electric current.
Current was provided by a stabilised B.C. power 
pack sirranged to provide 150, 300, 450 or 600 volts 
as required. Details of the power pack are given 
in Appendix 5, p.OJS'S',
3. Type of filter paper.
In some preliminary experiments Whatman Ho. 3MM 
paper was used but in all the experiments reported 
below the paper was Whatman Ho. 1, either 2 cm. or 
4 cm. wide.
4. Buffer solutions.
The buffer solutions used were as follows 
pH 4.2 acetic acid - sodium acetate
pH 7.8 barbitdne - sodium barbitone
pH 10.0 borate.
Details of the composition of these buffers are given 
in Appendix i , p.as'6 ,
I. Experiments with minnow pituitary material
(a) Pituitaries were removed from freshly 
killed minnows (60-70 mm. long) and ground onto dry 
Whatman Ho. 1 paper. Six pituitaries were used in 
each run. The paper was suspended in the apparatus 
and the buffer allowed to migrate up the paper till 
the two fronts met at the peak of the strip, at the
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point at which the pituitaries had been ground on.
After ten minutes the current was switched on.
At the end of the run the current was switched off 
and the paper removed and cut into 1 cm. portions 
beginning from the origin. Each portion of the 
paper was then eluted in 0.3^ acetic acid (1 ml.) for 
one hour. Portions of the elute were injected 
into black-adapted intact minnows (60-70 mm. long) 
and the response of the B region melanophores and the 
erythrophores observed after one hour. The results
are summarised in Pig. 32, p# 156 and in Table 36, 
p. 157 and Table 37, p. 158.
It is clear from these results that under the 
conditions outlined above no separation of the 
minnow melanophore-aggregating and erythrophore- 
dispersing hormones was achieved, though both showed 
substantial migrations towards the cathode. The 
fact that both fractions continued to migrate to 
the cathode at pH 10.0 suggests that the substance or 
substances involved are highly basic in nature and, 
if polypeptide or protein in nature, with an isoelectric 
point at a pH more basic than 10.0.
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Pig. 52. Elaotrophorstic fractionation of 
minnow melanophore-aggregating and erythrophore 
dispersing hormones of minnow pituitary. 
Unhatohed blooka = response of B region 
melanophores of intact black-adapted minnows. 
Hatched blocks = response of erythrophores of 
intact black-adapted minnows.
Further details are given in the text on p. 155 
and in Table 36, p. 157 and Table 37, p. 158.
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Table 36.
Electrophoresis of ohromactivating hormones of the 
minnow pituitary.
500 volts, 6 hours, Whatman Ho. 1 paper.
Region 
of 
paper.
pH 4.2 
(1) (2)
pH 7.8 
(1) (2)
pH 10.0 
(1) (2)
+2 
+1
-1 « . 1.0 +-- 3.0 +++
-2 . . 3.0 +++
—3 2.0 +++ . +——
-4 3.0 +++
-5
-6 
-7
Key to symbols.
(1) Response of B region melanophores of intact black- 
adapted minnows measured as difference between initial M.I. 
and M.I. after 1 hour. Responses less than 0.5 ignored. 
Means of 5 fish (60-70 mm. long.)
(2) Response of erythrophores of intact black-adapted 
minnows measured as difference between initial E.S. and 
E.S. after 1 houi'. Responses less than *—  ignored. 
Mean of 5 fish (60-70 mm. long).
SS
no significant response 
not tested*
Regions of paper. 1 cm. portions beginning from origin. 
Thus +2 = portion lying between 1 and 2 cm. from origin 
on anode side; -4 = portion lying between 3 and 4 cm.
from origin on cathode side.
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Table 57.
Electrophoresis of chromaotivating hormones of the 
minnow pituitary.
600 volts, 20 hours, Whatman No. 1 paper.
Region 
of 
paper.
pH 4.2 
(1) (2)
pH 7.8 
(1) (2)
pH 10.0 
(1) (2)
+2
+1
-1
-2
-3
-4
-5
-6
-7
-8
-9
-10
+++
+++
+++
+±-
For key to symbols see Table 36, p. 157.
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(b) Technique as described in (a) on p. 154 
except that the glands were ground onto paper which 
had already been damped with the appropriate buffer.
The elute from 1 cm. portions of the paper was injected 
into black-adapted minnows (60-70 mm. long) and into 
white-adapted frogs (22-26 g. in weight). The 
response of the B region melanophores and erythrophores 
of the minnows and the melanophores of the hind-foot 
web of the frogs was observed prior to injection and 
again one hour after injection. The results are 
summarised in Pig. 33, P* 160 and in Table 38, p. 161.
This experiment confirms the observations made in 
(a) and, in addition, shows that at pH 4.2 and at pH 7.8 
the frog melanophore-dispersing hormone behaves in an 
identical way to the minnow melanophore-aggregating 
and erythrophore-dispersing hormones. Some 
preliminary observations on runs at pH 10.0 (not recorded 
here) showed that at this pH also the frog melanophore- 
dispersing hormone is, in terms of electrophoretic 
behaviour, identical with the minnow melanophore- 
s^ gg^ regating and erythrophore-dispersing hormones.
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Pig. 33• Electrophoretic fractionation of
!
mirniow-melanophore aggregating and erythrophore- 
dispersing and frog melanophore-dispersing hormones 
of minnow pituitary. Goo
Unhatched blocks = response of B region melanophores 
of intact black-adapted minnows*
Horizontally hatched blocks « response of hind-foot 
web melanophores of intact white-adapted frogs* 
Diagonally hatched blocks « response of erythrophores 
of intact black-adapted minnows.
Further details are given in the text on p. 159 
and in Table 38  ^ p. 161.
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Table 38.
Electrophoresis of chromaotivating hormones of the 
minnow pituitary.
600 volts, 12 hours. Whatman No. 1 paper.
îegion
of
japer. (1)
pH 4.2 
(2) (3) (1)
pH 7.8 
(2) (3)
+2 # • # * • •
+1 # # • • #
-1 * • • • • •
-2 # • * * * #
-3 • # • 3.5 ++- 2.5
-4 1.0 • • 1.0 +±- 5.0
-5 3.5 3.0 * * •
-6 2.3 2.3 » « •
-7 # # • • # #
-8 # • • • •
Key to symbols.
(3) Response of hind-foot web melanophores of intact 
white-adapted frogs measured as difference between 
initial M.I. and M.I. after 1 hour. Responses less 
than 0.5 ignored. Mean of 5 frogs (22-26 g. in 
weight).
For key to other symbols see Table 36, p. 157.
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II. Experiments with plaice pituitary material.
The experiments described in I show that the 
minnow-melanophore aggregating and erythrophore- 
dispersing and the frog melanophore-dispersing hormones 
are extremely basic. The most rapid migration of 
the hormones occurs at low pH values. The runs to 
be described in this section were therefore restricted 
to pH 4.2 since it seemed most likely that, if separation 
could be achieved, it would be achieved most readily 
when the hormones were moving rapidly on the paper.
A sample of acetone-dried plaice pituitary powder 
was extracted in aoetic-acetate buffer of pH 4.2 for 
30 minutes at 70^0. and filtered. The filtrate was 
poured into a large excess of acetone and the resulting 
precipitate centrifuged down. The supernatant was 
discarded and the precipitate dried in a desiccator 
under reduced pressure. Samples of the resulting 
powder, which had a yellowish-brown colour, were 
dissolved in acetic-acetate buffer of pH 4.2.
The resulting solutions had high minnow melanophore- 
aggregating and erythrophore-dispersing and frog 
melanophore-dispersing activity. 0.05 ml. lots 
were applied to dry Whatman No. 1 paper and placed in 
the hanging strip apparatus. The buffer was allowed
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to migrate up the paper till the two fronts met at 
the peak of the strip, at the point where the solution 
had been applied. After ten minutes the current 
was switched on. All runs were made at 600 volts 
and at pH 4.2 in aoetic-acetate buffer and the duration 
of the runs was either 90 minutes or 6 hours.
A few runs of longer duration were also made but since 
the results were identical with those recorded here 
they have been omitted. At the end of the run the
paper was removed from the apparatus and dried over a 
hot blast of air from a hair dryer; this drying was 
necessary since the paper was divided into two strips 
along its length to allow staining of one strip and 
elution of the other. With wet paper this division
of the strip was extremely difficult. One of the 
two strips of paper was stained with ninhydrin, which 
forms a blue compound in the presence of polypeptides 
and amino-acids, and the other strip was eluted in 
0.3^ acetic acid for injection into black-adapted intact 
minnows and into white-adapted intact frogs. Each 
run was repeated several times with completely uniform 
results which are summarised in Figs. 34 and 35 and 
in Table 59, P # 166.
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Pig, 34. iaieotrophoretic fractionation of the 
ohromactivating hormones of acetone-dried plaice 
pituitary. 600 volts, pH 4.2, 90 minutes.
A. Distribution of ninhydrin-positive material.
B. Optical density of ninhydrin-positive material 
(arbitrary scale).
C. Distribution of ohromactivating material.
Unhatched blocks = response of B region melanophores 
of intact black-adapted minnows.
Horizontally hatched blocks = response of hind-foot 
web melanophores of intact white-adapted frogs.
Diagonally hatched blocks = response of erythrophores 
of intact black-adapted minnows.
Further details are given in Table 39, p. 166 and in 
the text on p. 162.
A.
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B.
ORIGIN
Pig. 35. Bleotrophoretio fractionation,of the 
chromaotivating hormones of acetone-dried plaice 
pituitary. 600 volts, pH 4.2, 6 hours.
A, Distribution of ninhydrin-positive material.
B, Optical density of ninhydrin-positive material 
{arbitrary scale).
C, Distribution of ohromactivating material.
Unhatohed blocks = response of B region melanophores 
of intact black-adapted minnows.
Horizontally hatched blocks. = response of hind-foot 
web melanophoijes of intact white-adapted frogs.
Diagonally hatched blocks = response of erythrophores 
of intact black-adapted minnows.
Further details are given in Table 39, p. 166 and in 
the text on p. 162.
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Table 39.
Electrophoresis of ohromactivating hormones of acetone 
dried plaice pituitary material.
600 volts, pH 4.2, Whatman No. 1 paper.
Region 
of 
paper.
90 minutes.
(1) (2) (3)
6 hours.
(1) (2) (3)
+6 to
+1 . . .  .
inclusive
-1 2.9 +++ 4.0 .
-2 3.8 +++ 4.0
~3 . . .  4.0
-4 . . . 3.5
-5 to
-9 . . .  .
inclusive
Key to symbols.
See Table 36, p. 157 and Table 38, p. 161.
+++ 
++ —
0.9
3.0
4.0
It is clear from these experiments that the minnow 
melanophore-aggregating and erythrophore-dispersing 
and the frog melanophore-dispersing hormones all occur 
in a region corresponding with the ninhydrin-positive 
area labelled 3 in Pigs. 34 and 35, that is with a
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region showing a positive reaction for the presence 
of polypeptide material. Measurements of the 
staining density (see B in Figs. 34 and 35) with a 
photo-electric densitometer (Elphor) gave no 
indication that this region was divided into a number 
of fractions.
The possibility that the uniform migration of 
all three ohromactivating factors might be due to 
binding to a single large protein molecule was 
investigated by making a run as described above, 
dividing the paper into two strips along its length, 
staining one half with ninhydrin and the other with 
a solution of bromophenol blue in saturated mercuric 
chloride in 95^ alcohol to demonstrate the presence of 
protein. The results of .several such runs were 
identical; a typical run is illustrated in Fig* 36 
on p. 168* It is clear that the ninhydrin -positive 
bands (positive reaction for polypeptide) are quite 
distinct from the bromophenol blue stained band 
(positive reaction for protein) which shows little or 
no movement from the origin. This suggests that 
the hormones concerned are not in fact bound to a 
protein carrier*
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Pig. 36. Distribution of protein and polypeptide 
material following electrophoresis of a plaice
pituitary extract, 600 volts, pH 4.2, 90 minutes.
1'
A. Optical density of bromophenol blue stained
protein material (arbitrary scale)
B. Distribution of bromophenol blue stained material
0. Distribution of ninhydrin-positive material
D. Optical density of ninhydrin-positive
polypeptide material (arbitrary scale).
For further details see text on p . 167.
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The experiments with the hanging-strip apparatus 
give strong support to the view that the minnow 
melanophore -aggregating and erythrophore-dispersing 
and frog melanophore-dispersing hormones in teleost 
pituitary material are one substance* Nevertheless, 
it is generally recognised (Stem, 1956) that this type 
of apparatus has certain serious deficiencies when 
applied to separations of very closely related 
compounds* Perhaps the most serious drawback is the 
presence of an ionic gradient in the paper resulting 
from evaporation of the aqueous component of the buffer
as a consequence of the heating of the paper by the
current passed through it* This ionic gradient 
leads to spreading of the migrating zones and to a 
general blurring of the picture presented* The 
horizontal-strip apparatus overcomes to a considerable 
extent many of the drawbacks of the hanging-strip 
apparatus; experiments made with a horizontal strip 
apparatus are described below*
B* Horizontal strip apparatus.
1. Design of apparatus.
This apparatus is based on the design used by 
Wieland & Fischer (1948)# Unlike the hanging strip
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apparatus in which the paper is draped over a central 
support, in the horizontal strip apparatus the paper 
is held horizontally by a system of springs and clips. 
Full details of the design are given in Appendixi,
2. Source of electric current.
Current was provided by a stabilised B.C. power 
pack (Shandon) delivering a maximum of 1000 volts.
3. Type of filter paper.
In experiments made with this apparatus only 
\%iatman No. 1 paper was used in 4 cm. wide strips.
Experiments with this apparatus were made with 
the buffer solutions already described in Section A , 4 
and gave results which were in all respects identical 
with those obtained with the hanging strip apparatus. 
Some other experiments using a voltage of 1000 volts 
and 0 .55? acetic acid as the buffer solution were made 
with this apparatus; these are recorded below.
A sample of acetone-dried powder of Traohurus 
traohurus (false mackerel) pituitary was extracted 
for 1 hour in 0.3^ acetic acid on a boiling water bath. 
The resulting solution was centrifuged and the 
supernatant poured off; the supernatant had a high
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level of minnow melanophore-aggregating and erythrophore 
dispersing and frog melanophore-disperaing activity. 
Small samples of this extract (0.05 ml.) were applied 
to filter-paper strips already damped with the 0.3^ 
acetic acid buffer. The paper was placed in the 
apparatus and the current was switched on. All 
runs were of 2 or 4 hours duration at 1000 volts.
At the end of the run the paper was removed from the 
apparatus, dried over a hot air blast from a hair drier 
and divided along its length into two halves. One 
half of the paper was stained with ninhydrin, the other 
half divided into 1 cm. portions, beginning at the 
origin, and eluted in 0.3^ acetic acid for injection.
Injections of the elutes were made into intact 
black-adapted minnows and into intact white-adapted 
frogs. The result of a typical run is illustrated
in Pig. 37 and the results of this and some other 
typical runs summarised in Table 40, p. 175.
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Pis* 37* Electrophoretio fractionation of the 
chromactivating hormones of acetone-dried Traohxmis 
traohurus pituitary. 1000 volts, 2 hours, 0.3^ 
acetic acid.
A. Distribution of ninhydrin-positive material.
B. Optical density of ninhydrin-positive material
(arbitrary scale).
C. Distribution of chromactivating material.
Unhatohed blocks « response of B region melanophores 
of intact black-adapted minnows*
Horizontally hatched blocks » response of hind-foot 
web melanophores of intact white-adapted frogs.
Diagonally hatched blocks « response of erythrophores 
of intact black-adapted minnows.
Further details are given in Table 40, p* 173 and in 
the text on p. 170.
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Table 40.
Eleotrophoresia of chromactivating hormones of acetone- 
dried Traohurus traohurus pituitary material.
1000 volts, 0.3'^  acetic acid, Whatman Ho, 1 paper.
Region
of
2 hour 
run
2 hour 
run
4 hour 
run
paper. (1) (2) (3) (1) (2) (3) (1) (2) (3)
+2 to 
•5
inclusive
* # # # . . . . •
-4 3.0 4.0 4.0 4.0 . « •
-5 4.0 ++4" 4.0 4.0 3.5 . . •
-6 # e 1.0 1.0 4- — . « # .
-7 . « • • . • 2.0 4"-- 1.5
-8 . . # . • « 4.0 +4-+ 4.0
•9 . . . * . . 2.5 4-4-- 3.0
-10 . • . . # . . . #
-11 to 
-14 • « . ♦ # . . # #
inclusive
Key to symbols.
See Table 36, p. 157 and Table 38, p. 161.
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The results of these experiments with filter-paper 
electrophoresis can lead to only one conclusion.
That is that under the conditions of electrophoresis 
attempted by the author the minnow melanophore- 
aggregating and erythrophore-dispersing and the frog 
melanophore-dispersing hormones present in*teleost 
pituitary material, or at least in Phoxinus phoxinus, 
Pleuroneotes platessa and Traohurus traohurus, behave 
as though they were one substance. The only other 
experiments on electrophoretic separation of 
melanophore-aggregating and melanophore-dispersing 
hormones in teleost pituitary material of which the 
author is aware are those of Iraai (1958). His
results are contrary to those described above, though 
the techniques used were closely similar. Imai
used water extracts of the pituitary of Parasilurus 
asotus. Runs were made at pH 8.6 (veronal buffer) 
or pH 4.8 (acetic acid - sodium acetate buffer) at 
400-750 volts in a horizontal strip apparatus.
The material separated into three chromatically active 
fractions when assayed on the isolated skin of 
Parasilurus, two of which had melanophore-dispersing 
activity and one melanophore-aggregating activity.
At pH 8.6 one of the melanophore-dispersing fractions 
moved towards the anode, the other towards the cathode.
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At pH 4.8 one remained at the origin, the other 
migrated towards the anode. The melanophore- 
aggregating fraction moved slightly towards the 
cathode irrespective of the pH or of the duration of 
the run. Staining of the paper strips with 
ninhydrin, bromophenol blue, periodic aoid-Sohiff,
Sudan III and Sudan Black indicated that the melanophore 
aggregating activity bore no relation to any of the 
staining regions. No satisfactory explanation of 
these divergencies can be offered; however, it has 
been indicated in Chapter 9 that the substance which 
Imai terms MCH (melanophore-concentrating hormone) 
from carp and Parasilurus pituitaries differs from 
that which has been investigated in the present vmrk 
in respect of a number of important characteristics 
and it seems reasonable to suppose that different 
substances are involved.
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Chapter 11.
CHHOMAÎÜGHAPHIC FRACTIONATION OF THE CHROMACTIVATING 
HORMONES OF THE TELEOST PITUITARY.
In view of the failure to separate the various 
chromactivating hormones in teleost pituitary material 
in the present work by filter-paper electrophoresis, 
some preliminary experiments were made to determine 
whether separation could be achieved by chromatographic 
methods.
Like filter-paper electrophoresis, chromatography 
both on paper and on a variety of adsorbent columns 
is now a standard laboratory technique with an 
extensive literature. Mention need only be made of 
standard works on the subject suoh as Lederer & lederer 
(1953), Cramer (1954) and Block, Hurrum & Zweig (1955).
Imai (1958) claimed to have separated the 
chromactivating hormones of the pituitary of Cyprinus 
carpi0 into three fractions by paper chromatography 
in a butanol : acetic acid j water mixture (4 : 1 : 5). 
He found that a fraction with melanophore-dispersing 
activity remained at the origin, while two melanophore- 
aggregating fractions could be detected with Rf values 
of 0.13 and 0.29.
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The author has repeated Imai’s experiment and 
made some additional ones. The results of these 
are reported in this chapter.
A. Ascending chromatography on filter paper.
1. An extract of acetone-dried plaice pituitary 
was prepared by heating a sample of the powder in
5^ acetic acid for 20 minutes at lOO^C. The solution
was then filtered and a sample of the filtrate (0.1 ml.) 
was applied to Whatman No. 1 filter paper and allowed 
to dry in the cold air from a hair drier. The paper 
was than developed for 10 hours in an n-butanol i 
acetic acid : water mixture ( 4 : 1 : 5 ) .  At the
end of this time the paper was dried in a hot blast of 
air from a hair drier and then divided into ten portions 
Each portion was eluted in 0.5 ml. of 0.5^ acetic acid 
and the elutes injected into intact black-adapted 
minnows and into intact white-adapted frogs. In 
three identical runs the whole of the chromactivating 
activity was found to have remained at the origin.
2. An extract of acetone-dried plaice pituitary 
powder was prepared by mixing a sample of the powder 
with a solution of 1:% pepsin in O.IN HOI and incubating 
for 4 hours at 36^0. The resulting digest was
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filtered and heated at 100°0 . for 20 minutes.
Samples of the filtrate (0.1 ml.) were applied to 
Whatman No. 1 filter-paper and allowed to dry in the 
cold blast from a hair drier. The paper was then 
developed in one of three mixtures.
(i) n-butanol : acetic acid i water (4 : 1 î 5)
(ii) ethanol : acetic acid s water (7 : 1 : 2)
(iii) acetone : acetic acid : water (2 : 2 : 5) 
Development was allowed to proceed for 10 hours in all 
three cases. At the end of the run the paper was 
dried and divided into ten equal portions; each 
portion was eluted in 0.5 ml. of 0 .5"^ acetic acid and 
the elutes injected into black-adapted intact minnows 
and into white-adapted intact frogs.
In the case of the butanol : acetic acid : water 
and the ethanol : acetic acid s water runs all 
activity remained at the origin. In the case of 
the acetone : acetic acid : water runs there was a 
substantial movement of the chromactivating principles 
but no separation, with the minnow melanophore- 
aggregating and erythrophore-dispersing and the frog 
melanophore-dispersing activity all occurring in the 
region of the paper strip corresponding to an Rf 
value of 0.3 - 0.4#
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B. Column chromatography on alumina.
An extract of acetone-dried plaice pituitary 
powder was prepared toy incubating a sample of the 
powder in a 1^ solution of pepsin in O.IN HCl for 
4 hours at 36^0 . The digest was filtered and the 
filtrate poured into a large excess of acetone.
This mixture was allowed to stand for 30 minutes and 
then centrifuged and the supernatant discarded.
The precipitate was washed with acetone and then dried 
in vacuo. The dried powder was dissolved in
5% acetic acid and applied to the top of a column 
of alumina 20 cm. in length. The chromatogram
was developed consecutively with
(i) n-propanol : water (7 : 3) 20 ml.
(ii) n-propanol % acetic acid : water (5 : 2 : 3)
30 ml.
(iii) n-propanol : acetone : acetic acid : water
( 4 1 2 : 2 : 3 )  20 ml.
(iv) acetone : acetic acid : water (4 : 4 : 2)
30 ml.
The washings were collected in 5 ml. lots and reduced 
to dryness under reduced pressure, then extracted in 
0 .5^  acetic acid and assayed on black-adapted intact 
minnows and white-adapted intact frogs; in addition
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a sample from each 5 ml. lot was applied to Whatman 
No. 1 filter-paper and then stained with ninhydrin. 
'JHie results are summarised'in Fig. 38. >
M.I.
M.I.
NINHYDRIN
P OSITIVE
m a t e r i a l
m e l a n o p h o r e  a g g r e g a t i o n
m e l a n o p h o r e  d i s p e r s i o n
20
ML.
4 0 60 80 lOO
Î Î Î  ' Î
2 3
Fig# 38. Chromatography on an alumina column of
the chromactivating principles of plaice pituitary.
A. Distribution of ninhydrin-positive material
(arbitrary scale)
B. Distribution of chromactivating material.
Unhatohed blocks = response of B region melanophores 
of intact black-adapted minnows measured as 
difference between initial M.l. and M.l. after 
1 hour. Mean of 5 fish 60-70 mm. long.
Hatched blocks » response of hind-foot web
melanophores of intact white-adapted frogs 
measured as difference between initial M.l. and 
M.l. after 1 hour. Mean of 5 frogs 22-26 g. 
in weight.
0. Labelled arrows indicate points at which developing
reagents were changed.
For further details see text on p. 179•
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This experiment produced &n interesting separation 
of the frog melanophore-dispersing activity into two 
fractions. The first of these came down with 
n-propanol i acetic acid : water and appeared to 
be without any contamination by minnow melanophore- 
aggregating hormone. The second fraction which 
had a much higher level of activity came down with 
acetone : acetic acid ; water and was associated with 
strong minnow melanophore-aggregating activity.
These preliminary results confirm the observations 
already made in experiments with electrophoretic 
techniques (Chapter 10) that minnow melanophore- 
aggregating activity is : always associated with a high 
level of frog melanophore-dispersing activity.
That this might be due to the binding of two distinct 
hormones to an inert protein carrier seems unlikely 
in view of the fact that the results are the same 
whether or not the hormone preparation is subjected 
to pepsin digestion prior to analysis. The occurrence 
of a frog melanophore-dispersing fraction separable
by column chromatography which is without melanophore- 
aggregating activity may be interpreted in a number 
of ways. This fraction may represent a precursor 
of the effective hormone; alternatively, it might be
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ACTE (adrenal cortiootrophic hormone) which is well 
known to have substantial melanophore-dispersing 
activity (Li, 1957)• In any event, it does not 
alter the fact that it is not possible to prepare 
by the chromatographic techniques described above 
a sample of minnow melanophore-aggregating hormone 
which is without frog melanophore-dispersing activity.
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It has been possible in the preceding chapters 
of this thesis to gradually build up the view that 
the humorally co-ordinated colour changes of teleost 
fishes are controlled by a single hormone. The 
three chapters which follow could not be easily 
fitted into the arguments presented above and so, 
to avoid discontinuity in those arguments, have been 
held back till this point. This does not mean 
that they are of lesser importance.
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Chapter 12.
THE RESPONSES OP HYP0PHYSE0TGMI3ED MINNOWS.
The experiments which have so far been described 
in this thesis have been made on animals in which the 
pituitary gland was intact. Many workers consider 
that suoh experiments yield only limited information 
in view of the possibility that injections of pituitary 
material into intact animals may lead to the production 
of endogenous secretions by the gland. These 
secretions may influence considerably the effects 
which are induced by the injected substances. It is, 
however, equally true that removal of the pituitary 
has profound effects on the physiology of the animal 
and it is necessary, in the author’s view, to give this 
fact its true weight in investigations of this sort.
In mammals knowledge of the sorts of hormones produced 
by the pituitary and the nature of their interactions 
is fairly complete and the physiological changes 
occurring in hypophysectomised animals well documented. 
This is not the case in teleosts. It was considered, 
therefore, that in the present investigation the results 
of injection experiments would be less open to 
misinterpretation if the experiments were made on
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fishes in whioh the pituitary was intact. Some
experiments were, however, made on hypophysectomised 
fish and these are described in this chapter.
Healey (1940,1948) described experiments on the 
effect of hypophyseotomy on the colour response of 
both intact and spinal-seotioned minnows. He
found that removal of the pituitary from otherwise 
intact fish had relatively little effect on the colour 
responses; the fish changed colour quickly following 
background reversal but were unable to maintain 
maximal melanophore-aggregation on white backgrounds. 
Removal of the pituitary from spinal-sectioned fish 
resulted in a complete inability of the fish to change 
colour, and the melanophores remained fully dispersed 
regardless of the background colour. If, however, 
a small portion of the anterior part of the pituitary 
was left ^  situ after the operation the fish were 
still able to become pale on a white background.
A number of experiments have been made in the 
course of the present investigation which, in the main, 
confirm Healey’s observations. The technique of 
operation has already been described in Chapter 2.
Total removal of the pituitary from spinal-sectioned 
fish results in a maximal melanophore-dispersion after
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a period of 3-10 hours. This dispersion is 
preceded by a period, beginning almost immediately 
after the operation, of intense raelanophore-aggregation 
and erythrophore-dispersion; this seems to be due 
to release of hormone from the gland as the result 
of pressure applied to it during the operation 
(Healey, 1948). In the author’s experience 
hypophysectomised minnows are extremely sensitive to 
handling and no attempt was therefore made to read 
melanophore indices in these fish.
Table 41 on p. 18? summarises the result of an 
experiment in whioh ten white-adapted spinal-seotioned 
minnows were hypophysectomised; five were placed on 
white backgrounds and five on black and the responses 
observed macroscopically. The colour of the fish 
was scored from 1 to 5, 1 = fully pale to 5 *= fully 
dark. After 7 days the fish were subjected to 
background reversal and the responses observed for 
a further 5 days. Histological examination after 
the experiment revealed that all ten fish were 
completely operated. It is clear from Table 41 
that these fish were unable to make any response to 
background. Two other similar experiments gave 
identical results.
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Table 4I.
Response of spinal-seotioned hypophysectomised minnows 
to black and white backgrounds.
Time
after
oper­
ation.
Colour of fish 
(initially white-adapted)
Placed on a 
black background.
Placed on a 
white background.
1 hour 1 2 2 1 4 2 2 3 1 3
3 hours 3 4 3 2 5 4 5 4 2 4
6 hours 4 5 5 4 5 5 5 5 3 5
24 hours 5 5 5 5 5 5 5 5 4 5
3 days 5 5 5 5 5 5 5 5 5 5
7 days 5 5 5 5 5 5 5 5 5 5
Transferred to a Transferred to a
white background black background
8 days 5 5 5 5 5 5 5 5 5 5
10 days 5 5 5 5 5 5 5 5 5 5
12 days 5 5 5 5 5 5 5 5 5 5
Fish 60-70 mm. long. Maintained on a white background
in continuous light for 10 days after spinal-section 
and prior t6 hypophyseotomy.
Further details are given in the text on p. 186.
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The response of hypophysectomised fish to 
injections of pituitary material does not appear to 
differ significantly from that of fish with the 
pituitary intact. Unfortunately the act of 
injecting the fish resulted in a high mortality and 
of 25 fish whioh were treated in this way only 8 
survived for more than hours. These eight fish 
all showed strong melanophore-aggregation followed by 
a slow return to the fully dispersed condition.
The results are summarised in Table 42.
Table 42^
Response of spinal-seotioned hypophysectomised minnows 
to injection of an aqueous extract of plaice pituitary. 
Dose = 5 yiLg. of acetone-dried powder.
Hours after 
injection
Colour of fish Mean
0 5 5 5 5 5 5 5 5 5.0
1 1 1 2 2 1 3 1 2 1.6
2 2 1 2 3 2 3 2 4 2.4
3 3 2 3 4 3 4 2 4 3.1
6 4 2 4 5 5 4 4 4 4.0
9 4 3 4 5 5 5 5 5 4.5
12 5 4 5 5 5 5 5 5 4.9
Pish 60-70 mm. long. Hypophysectomised five days
before experiment began, spinal-seotioned 15 days before.
Further details are given in the text on p. 186 and on 
this page.
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The numbers of fish used in this experiment were 
too small to allow of any deductions concerning the 
relative sensitivities of hypophysectomised and 
non-hypophysectomised fish. It is however certain
that there was no qualitative difference in their 
responses.
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Chapter 13.
THE INFLUENCE OF BACKGROUND ADAPTATION ON THE RESPONSE 
OF MINNOW ERYTHROPHORES.
The results of experiments described in earlier 
sections of this thesis suggest that the minnow 
melanophore -aggregating hormone is identical with the 
minnow erythrophore-dispersing hormone. If this 
is 30 we might e^ tpeot that white-adapted fish would 
also show erythrophore-dispersion or at least would be 
more sensitive to injections of material with 
erythrophore-dispersing activity than black-adapted 
fish. This is not the case.
In the course of the investigations described in 
this thesis a large number of observations have been 
made at all times of the year on the effect of 
background adaptation on the erythrophore responses of 
the minnow. Since no experiments were directed 
solely towards investigating this effect and in view 
of the arbitrary method used in scoring the erythrophore 
response and the fact that no differentiation was made 
between male and female fish, it is not possible to 
subject these data to statistical analysis. It is 
possible, however, to note two suggestive observations.
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(1) Fish adapted to a white background never,
in the author’s experience, exhibit spontaneous 
erythrophore-dispersion, whereas this is a not uncommon 
occurrence in fish adapted to a black background.
(2) ^hen there is any detectable difference in the
response of the erythrophores of black and white- 
adapted fish to identical doses of hormone, in the 
majority of oases the response is greatest in the black- 
adapted fish, both with respect to intensity and 
duration of response. It is rare for white-adapted
fish to show a greater response than black-adapted
fish and the three occasions on which this has been 
observed bear no apparent relation to the time of
year or the conditions of the experiment. These
observations apply equally to intact and to spinal-
seotioned fish. This is to be expected in view of
the conclusions of Giersberg (1930, 1932) that the
erythrophores of the minnow are not innervated.
It is clear that some explanation of these
observations is necessary. The most reasonable
interpretation is that the sensitivity of the
erythrophores to the melanophore-aggregating hormone 
is in some way influenced by some other hormone.
The general view is that the erythrophore-dispersing
hormone is identical with the melanophore-dispersing
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hormone (Piokford & At2, 1957). At first sight
such a view would explain the observations recorded 
here since black-adapted fish would already have 
substantial amounts of erythrophore-dispersing hormone 
present in the blood circulation and might be expected 
to be more sensitive to additional amounts than 
white-adapted fish with little melanophore-dispersing 
hormone in the circulation. 3uch an interpretation, 
however, takes no account of the observations of 
Hogben & 31ome (1956) on Xenopus laevis and Hogben 
& Landgrebe (I94O) on Gasterosteus aculeatus with 
regard to the retinal control of colour responses.
They found that the ventral region of the retina, 
the so-called B region, was responsible for the 
production of the black-background response. This 
region of the retina receives light from above ; the 
amount of light falling on it is independent of the 
background colour. It is therefore reasonable to 
suppose that the level of B hormone in the blood, if 
such a hormone occurs in the minnow, would be the 
same on black or wnite backgrounds. In the author’s 
view it is more reasonable to postulate the presence of
some hormone which has an indirect effect on these 
colour cells and which is released in greater amounts 
in black-adapted than in white-adapted animals.
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It must be admitted, however, that such a view is 
without experimental support. An explanation of 
the mechanism of the co-ordination of the erythrophore 
responses in the minnow must await the results of 
more detailed experimental analyses and cannot be 
attempted here.
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Chapter 14.
THE SIGHIPICANCE OF THE TIME RELATIONS OF CHROMATIC
RESPONSES.
Hogben & Slorae (1951) examined the time relations 
of the melanophore response in Xenopus laevis to 
changes in illumination and in background and suggested 
that these provided strong evidence for the existence 
of a bihumoral control of colour change in this species. 
This view was expressed again by the same authors in 
1936. Their arguments have been used by other 
workers in support of a bihumoral control of chromatic 
responses in SoyIlium oanicula (Waring, 1938; Waring, 
Landgrebe & Bruce, 1942), Anguilla vulgaris (^ Anguilla 
anguilla)(Neill, 1940) and Phoxinus laevis (=Phoxinus 
phoxinus)(Healey, 1951). Reasons for supposing 
that these arguments do not provide an adequate basis 
for deciding in favour of a bihumoral control of 
colour change are presented in this chapter,
A, The physiological basis of humorally controlled 
chromatic responses in vertebrates.
Hogben & Slome (1936) and Hogben & Landgrebe (1940) 
have shown in Xenopus and in Gasterosteus aculeatus
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i
that the retina is divisible, so far as the control 
of colour change is concerned, into two regions, the 
B and W regions. The B region of the retina is 
situated ventrally in Gasterosteus and centrally in 
Xenopus and is illuminated whenever the animal is in 
the light. The W region, central in position in
s. -  ■ *  '
Gasterosteus and peripheral in Xenopus, is only
illuminated when the animal is in illuminated
,
light-scattering surroundings. The position of these
t 'i  T
regions in the eyes of Xenopus and Gasterosteus is 
illustrated in Pig. 39.
B.
Pig. 39. Diagrammatic transverse sections through 
the eyes of Xenopus laevis (A; after Hogben, 1942) and 
Gasterosteus aculeatus (B; after Hogben & Landgrebe,
1940) to show the distribution of the B and W 
retinal elements.
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Illumination of the B region alone results in the 
animal becoming dark as a result of melanophore- 
dispersion: the black background response. Illumination
of the B and W regions together results in the animal 
becoming pale as a result of melanophore-aggregation: 
the white background response. In the absence of 
light the animal is intermediate in colour with the 
melanophores partially dispersed: the darkness response.
The prolonged nature of the chromatic responses 
of species such as Xenopus, Soyllium and Anguilla 
suggests that they are humorally controlled. This 
view is supported by the effect of hypophysectomy which 
abolishes the responses. Further evidence confirming 
the role of the pituitary in vertebrate melanophore 
responses has been reviewed by Waring (1942); much of 
this evidence has been presented in Chapter 1.
Transfer of animals equilibrated on white or black 
backgrounds in light to darkness and vice versa, or 
from one illuminated background to another is followed 
by changes in the degree of dispersion of the melanophores. 
These changes are the consequence of fluctuation in 
the level of a hormone or hormones of pituitary origin 
whose production is excited or inhibited reflexly by 
the B and W retinal elements. If only a single
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hormone is concerned in these responses (for convenience 
we may assume it is a melanophoie-dispersing hormone) 
then the animal on an illuminated black background has 
a high level of hormone in its circulation, an animal 
in darkness an intermediate level of hormone, while the 
blood of an animal in light on a white background 
contains a minimal level of hormone. The black 
background response is the result of active stimulation 
of release of melanophore-dispersing hormone (B hormone) 
into the circulation, the white background response 
of inhibition of hormone release. If two antagonistic 
hormones are involved in the chromatic responses their 
release is presumably controlled by the appropriate 
region of the retina; thus stimulation of the B region 
of the retina results in the stimulation of release 
of a melanophore-dispersing (B) hormone, stimulation 
of the W region in the release of a melanophore- 
aggregating (W) hormone. Since under natural 
conditions illumination of the W region necessarily 
involves illumination of the B region also the W hormone 
must over-ride the effect of the B hormone. Table 
43 summarises the reactions taking place following 
transfer from one equilibrium condition to another when 
either a single melanophore-dispersing or two 
antagonistic hormones are concerned in the co-ordination 
of the response.
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Table 43.
Effect of transfers from one equilibrium condition of 
colour to another on the eye-pituitary axis in terms 
of a one or two hormone hypothesis of co-ordination, 
(modified after Waring, 1942).
Transfer One hormone 
hypothesis
Two hormone 
hypothesis
1. From a white 
background in 
light to a 
black back­
ground in 
light.
2. From a black
" background in 
light to a 
white back­
ground in 
light.
3. From a black
’ background in 
light to 
darkness.
Maximum increase 
of B due to 
release from 
reflex inhibition 
by W retinal 
elements.
Maximum decrease 
of B due to 
reflex inhibition 
by W retinal 
elements.
Decrease of B due 
to non-stimulation 
of B retinal 
elements.
Simple decrease 
of W while B 
remains constant. 
B % W ratio 
increasing.
Simple increase 
of W while B 
remains constant, 
B : W ratio 
diminishing.
Decrease of B due 
to non-stimulation 
of B retinal 
elements.
4. From darkness 
to a black 
background in 
light.
5. From darkness 
to a white 
background in 
light.
Increase of B due 
stimulation of B 
retinal elements 
alone.
Submaximum decrease 
of B due to 
stimulation by B 
retinal elements 
and prepotent reflex
inhibition of B 
secretion through 
stimulation by W 
retinal elements.
Increase of B due 
stimulation of B 
retinal elements 
alone.
Concomitant increase 
of B and of W.
Continued overleaf.
Transfer
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Table 45 {continued).
One hormone 
hypothesis
Two hormone 
hypothesis
6. From a white 
background in 
light to 
darkness.
Submaximum increase 
of B due to 
simultaneous 
release from both
(a) stimulation of 
B secretion by B 
retinal elements and
(b) prepotent 
inhibition by W 
retinal elements.
Concomitant decrease 
of B and of W.
B. The arguments in favour of a bihumoral hypothesis.
The arguments mentioned above depend on comparisons 
of the time intervals of colour change. These time 
intervals are conveniently symbolised by the use of a 
notation devised by Hogben; thus wTb = time taken to 
pass from equilibrium on a white background in light 
to equilibrium on a black background ih light; 
dTb = time taken to pass from equilibrium in total 
darkness to equilibrium in light on a black background.
If a single B hormone is involved in the control 
of the chromatic responses the interval wTb involves 
a greater production of B hormone than either wTd or 
dTb; similarly bTw involves elimination of a greater 
amount of B hormone than either bTd or dTw. If the
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one hormone hypothesis is correct Hogben & Slome (1936) 
considered that "transition from one state to another 
must therefore involve liberating more or excreting 
more of the one hormone (B) and must necessarily take 
longer than a transition which involves building or 
excreting less." Thus, if this is true, wTb should 
be longer than either wTd or dTb and bTw should be 
longer than either bTd or dTw. "If we find that
the reverse is true, i.e. bTw ^  bTd or bTw dTw, we 
have strong reasons for rejecting the single hormone 
hypothesis" (Hogben, 1942). Hogben & Slome (1936) 
consider that the one hormone hypothesis implies three
consequences which can be tested simply. These are :
{
(i) wTb ^  wTd
(11) bTw ^  bTd
(ill) bTw ^  dTw.
C. A further analysis of the Implications of the one 
hormone hypothesis.
An animal In the light receives stimuli from region 
B of the retina, or regions B and W together.
Release of B hormone under the Influence of the retinal 
elements Is either excited or inhibited. The animal 
in darkness receives no stimuli from the retina; since
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the melanophores are partially dispersed there must 
be an unco-ordinated secretion of B hormone in an 
amount sufficient to maintain the intermediate hormone 
level in the blood in the face of the competing process 
of hormone elimination.
Transfer of an animal equilibrated to a black 
background in light to a white background in light 
involves the superimposing of inhibitory stimuli from 
the W retinal elements onto the actively secreting 
pituitary. The level of hormone production decreases 
as a consequence of inhibition of the pituitary activity. 
Transfer to darkness of an animal equilibrated to an 
illuminated black background, on the other hand, involves
i
removal of the excitatory stimuli from the B retinal 
elements. The level of hormone production decreases 
as a consequence of the cessation of stimulation of 
pituitary activity. The two situations are 
physiologically distinct; in the absence of further 
information (the nature of which is discussed below) 
they cannot be compared.
Similar arguments apply to comparison of the change 
from a white to a black background in light with the 
change from a white background in light to darkness.
The first involves the removal of the inhibitory
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effect of illumination of the W retinal elements with 
the result that the pituitary is subject to the 
excitatory influence of the B retinal elements; the 
second involves removal of not only inhibition by the 
W elements but also of the excitatory influence of the 
B elements. The first involves stimulation of the 
pituitary, the second merely removal of inhibition.
One factor which might have a profound effect 
on the time relations of colour change appears to have 
been ignored by previous workers on this subject.
This is the time taken by the pituitary to reach its 
equilibrium secretion rate following changes in the 
external conditions. Since background reversals
in illuminated conditions result in active inhibition 
or stimulation of the secretion of hormone we might 
reasonably expect that the final equilibrium secretion 
rate of the pituitary, following these changes, would 
be reached fairly rapidly. Transfer to darkness 
results in neither excitation nor inhibition of 
hormone secretion by the retinal elements; in the 
absence of retinal excitation or inhibition we might 
expect the time taken for the pituitary to reach its 
darkness equilibrium secretion rate to be fairly 
prolonged. Bo information is available concerning
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this factor. It is for this reason that comparisons 
between transfers into darkness and background reversals 
in light are invalid. An experimental elucidation 
of this point might present great difficulties but 
only if it were achieved would it be possible to make 
any significant deductions concerning the humoral 
control of colour change based on comparisons of 
bTw and bTd and of wTb and wTd.
Ho such criticism can be made of comparisons 
between transfers from darkness to light and background 
reversals in light. Transfer from a black background 
to a white background in light involves inhibition 
of an active pituitary. Transfer from darkness
to an illuminated white background involves inhibition 
of an active pituitary. Similarly tremsfer from
a white background in light to a black background in 
light and from darkness to an illuminated black 
background involves excitation of the pituitary by the 
B retinal elements only. These situations are 
physiologically related. Since dTb involves 
production of less hormone than wTb, and dTw elimination 
of less hormone than bTw, the expectation is that 
dTb ^  wTb and dTw ^  bTw.
The arguments outlined above suggest that a one 
hormone hypothesis is adequate to explain observed
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time relations of colour change provided only that 
dTb is shorter than wTb and that dTw is shorter than 
bTw.
D. The time relations of colour change in some 
vertebrates.
Since it has been argued that some of the conditions 
(i.e. bTw ^  bTd and wTb ^  wTd) put forward by 
Hogben and others as necessary for acceptance of the 
one hormone hypothesis of colour change are invalid, 
it is of interest to enquire whether the remaining 
conditions i.e. dTb ^  wTb and dTw ^  bTw are in fact 
fulfilled by the few vertebrates whose colour changes 
have been examined in this way.
1) Xenopus laevis.
The curves in Fig. 40 on p. 205 have been redrawn 
from data in Hogben & Slome (1951)• Unfortunately 
they are taken from experiments made at two different 
temperatures, and for this reason are perhaps not 
strictly comparable. They indicate however that in 
this species the time relations of colour change do 
not yield sufficient evidence to decide against a
one hoimone interpretation.
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Fig* 40. Responses of the melanophores of
Xenopus laevis to changes in background and
illumination (from Hogben & Slome^ 19)1).
O-----O transfer from equilibrium on an
illuminated black background to an 
illuminated white background.
Q  D
H*- — — —•
» transfer from equilibrium on an 
illuminated white background to an 
illuminated black background.
» transfer from equilibrium in darkness 
to an illuminated white background.
= transfer from equilibrium in darkness 
to an illuminated black background.
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2) Soylllum oanioula.
ïhe curves in Pig. 41 have been redrawn from data 
in Waring, Landgrebe & Bruce (1942). These curves 
are directly comparable; dTb wTb and dTw <C bTw. 
These colour changes may be adequately explained by 
a one hormone hypothesis.
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Pig. 41. Responses of the melanophores of 
Scyllium canicula to changes in background and 
illumination (from Waring, Landgrebe & Bruce, 1942).
Symbols as in Pig. 40, p. 205.
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3) Anguilla anguilla.
Compared with other chromatic vertebrates which 
have been examined the colour changes of the eel are, 
according.to Neill (1940), extremely prolonged, taking 
up to 22 days to reach completion. The curves in 
Fig. 42 have been redrawn from Neill's data.
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Pig* 42. Responses of the melanophores of 
Anguilla anguilla to changes in background and 
illumination (from leill, 1940).
Symbols as in Pig. 40, p. 205. I
The time intervals given by Neill for the changes with
208.
which we are concerned are
wTb = 20 days
dTb = 9 days
bTw = ' 20 days
dTw = 22 days.
However, examination of the curves in Fig. 42, p. 20? 
suggests that he did not follow the transfer from a 
black background to a white background in light to 
its final equilibrium. Csureful measurements of 
his published curves show that 20 days after such a 
change the melanophore index had fallen only to 1.7 
or 1.75; yet he quotes the mean equilibrium value 
of M.I. on a white background in light as 1.2.
Î
If bTw were shorter than dTw we should expect that 
the curves marked (a) and (bl in Fig. ^2 would cross 
at some time before either reached the final equilibrium 
value; examination of Fig. 42 shows clearly that this 
does not happen. The mean M.I. of animals transferred 
from darkness to a white background in light is at 
all times lower than that of animals transferred from 
an illuminated black background to a white background 
in light. His data in fact indicate that as in 
Xenopus and Scyllium dTb ^  wTb and dTw ^  bTw; the 
observed time relations are therefore explicable in 
terms of a single hormone.
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4) Phoxinus phoxlixus.
The intact minnow shows rapid colour changes which 
are largely under nervous control. After section 
of the spinal cord anterior to vertebra 15 the colour 
changes are much more prolonged and resemble those 
of Xenopus and Scyllium (Healey, 1951). The curves 
in Pig. 43 have been redrawn from Healey's data.
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Pig. 43. Responses of the melanophores of 
Phoxinus phoxinus to changes in background and
I 1 , 1  -,
illumination (from Healey, 1951).
Symbols as in Pig. 40, p. 205.
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The values for the time intervals with which we are 
concerned are given by Healey as %-
wTb = 60 hours
dTb « 120 hours
bTw = 90 hours
dTw = 120 hours.
Consideration of Pig. 43> P# 209 suggests that the 
values for dTb and dTw have been slightly exaggerated 
and should be reduced to
dTb = 80 hours
dTw = 100 hours.
Nevertheless they are longer than wTb and bTw
respectively. This indicates that a one hormone 
hypothesis may not be adequate to explain the observed 
time relations of colour change in the minnow.
However, the extreme variability of response of spinal' 
sectioned minnows indicated by Healey (1951) suggests 
that a rigorous statistical analysis of the data is 
necessary before any final decision can be reached.
While it has been pointed out by Neill (1940) 
and by Hogben & Landgrebe (1940) that it is necessary 
"to distinguish between two categories of visually 
determined photic response, i.e.
(a) the transition from equilibrium in light to
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equilibrium in darkness, and vice versa;
(b) the transition from equilibrium on a white 
background with overhead illumination to equilibrium 
on a black background with overhead illumination, and 
vice versa" (Neill, 1940), neither these authors nor 
others who have argued in favour of a bihumoral 
control of colour changes on the basis of the time 
relations of these changes have made such a distinction. 
Transfer from light-scattering to light-absorbing 
surroundingsin the light and vice versa invokes a 
co-ordinating mechanism which is physiologically 
distinct from that which is acting following transfer 
from light to darkness. In the absence of information 
conoeming the control of the darkness response it is 
not permissible to make comparisons between the time 
intervals of background reversals in light, and transfer 
from illuminated surroundings to darkness, i.e. between 
bTw and bTd, and between wTb and wTd. Analysis 
of the implications of the one hormone hypothesis 
shows that it is adequate to explain the observed 
time relations of colour change provided only that 
dTb is less than wTb and that dTw is less than bTw.
These time intervals may be compared since they 
represent physiologically similar situations.
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Consideration of the data concerning the time 
relations of colour change in vertebrates reported 
in the literature shows that the hypothesis of control 
of colour changes by the fluctuation of a single 
melanophore-dispersing hormone (B hormone) will account 
for the observed chromatic responses of Xenopus, 
Scyllium and Anguilla. Only in Phoxinus do the 
observed responses suggest that other factors may be 
concerned in their co-ordination.
This is not to say that vertebrate chromatic 
responses are in fact controlled by only a single 
melanophore-dispersing hormone but merely that the 
time relations of colour change do not provide an 
adequate basis for a final decision on this question. 
Such observations can, at best, only provide incidental 
confirmation for conclusions reached through other 
types of experiments.
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Chapter 15.
DISCUSSION.
It has become general in work on the humorally 
co-ordinated melanophore responses of vertebrates to 
accept that two antagonistic factors are involved, 
one controlling melanophore-aggregation and the other 
controlling melanophore-dispersion. This idea is, 
for instance, put forward strongly by Piokford & Atz 
(1957) in their excellent survey of fish pituitary 
hormones* It is therefore necessary to enquire 
how far the observations recorded in this thesis 
support this view.
Digestion of extracts of teleost pituitary material 
with pepsin has no effect on the minnow melanophore- 
or frog melanophore-dispersing hormones. 
Digestion with a tryptic enzyme from minnow viscera, 
on the pther hand, results in uniform destruction of 
both factors. These observations suggest that the 
hormones involved may be polypeptide in nature and
this view is supported by the observation that, in 
electrophoresis experiments, the distribution of minnow 
raelanophore-aggregating and frog melanophore-dispersing
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activity la closely mirrored by the distribution of 
nlnhydrln-positive material.
Enami (1955) and Imal (1958) claimed to have 
separated antagonistic colour change hormones from the
1
pituitaries of Parasilurus and Cyprinus by fractionation 
with alcohol. One hormone, causing melanophore- 
dispersion in Parasilurus, was alcohol-soluble; 
the other, which caused melanophore-aggregation in 
Parasilurus, was insoluble in alcohol. Attempts 
by Wilhelmi & Piokford (cited in Piokford & Atz, 1957) 
to achieve similar separation of Fundulus melanophore- 
aggregating and frog melanophore-dispersing hormones 
in pituitary material from Pollachius and Urophyois 
and other teleosts were unsuccessful. The observations 
made by the author confirm that such treatment does 
not separate the minnow melanophore-aggregating hormone 
from the hormone causing melanophore-dispersion in 
frogs. It seems likely, on the basis of these 
experiments and others on solubility in acetone, that 
the Parasilurus melanophore-aggregating hormone 
described by Enami (1955) and Imal (1958) is very 
different from the melanophore-aggregating hormone 
which is the subject of the present investigation.
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The technique of filter-paper electrophoresis 
is generally recognised as providing an extremely 
valuable tool in the separation of biologically active 
substances. However, a Imrge number of experiments 
on extracts of minnow, plaice and false mackerel 
pituitary material revealed that no separation of 
minnow melanophore-aggregating and frog melanophore- 
dispersing fractions could be achieved. This was 
also the result of preliminary experiments with 
paper chromatography.
The uniformity of behaviour of these two possible 
factors with regard to proteolytic digestion, alcohol 
solubility and electrophoretic and chromatographic 
analysis suggests that the effects ascribed to them 
may in fact be caused by only one substance. In 
this connection the experiments on the influence of 
treatment with hot dilute caustic soda are of considerable 
interest. Such treatment abolishes the minnow 
melanophore-aggregating influence of teleost pituitary 
material. It potentiates the frog melanophore- 
dispersing activity of such material in a manner 
closely resembling that observed following similar 
treatment on MSH-containing mammalian pituitary material. 
Furthermore it reduces the intensity of response of
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Ameiurus melanophores and results in the appearance 
of a minnow melanophore-dispersing factor. It is 
suggested that all these observations can be explained 
in terms of a single hormone which is probably 
polypeptide in nature. The author visualises a 
polypeptide molecule the whole, or part, of which has 
a stimulating effect on teleost melanophores.
The response shown by a teleost melanophore to this 
hormone, it is suggested, depends on the constitution 
of the responding cell. Thus Phoxinus melanophores 
aggregate and Ameiurus melanophores disperse. As 
an integral part of this molecule occurs an amino-acid 
sequence similar to, or identical with, the sequence 
of seven amino-acids
Met. Glu. His. Phe. Arg. Try. Gly 
which,it has been adequately demonstrated, is largely 
responsible for the frog melanophore-dispersing 
activity of MSH from mammalian pituitaries. Injection 
of the hormone into frogs will thus cause melanophore- 
dispersion. This frog melanophore-dispersing 
amino-acid sequence is without significant effect on 
teleost melanophores because of the prepotent influence 
on them of the teleost melanophore-stimulating portion 
of the postulated molecule.
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Treatment of the hormone with hot dilute caustic 
soda, it is suggested, has two affects;
1, It destroys the teleost melanophore-stimulating 
activity.
2. It potentiates the frog melanophore-dispersing 
activity.
If this is so the responses of minnow and Ameiurus 
melanophores should be abolished. But it has been 
shown that the melanophores of both Phoxinus and 
Ameiurus (See Chapter 3) will respond by dispersion 
to pituitary material containing MSH; since the 
prepotent influence of the melanophore-stimulating 
effect has been removed by the NaOH treatment they 
are now enabled to respond to the influence of the 
potentiated frog melanophore-dispersing amino-acid 
sequence, i.e. the sequence which is responsible for 
the melanophore-dispersion elicited by MSH. This 
hypothesis is illustrated in Pig. 44 on p. 218.
If such an interpretation is accepted the 
observations on the distribution of minnow melanophore- 
aggregating and frog melanophore-dispersing activity 
in the minnow pituitary can be more readily understood. 
These observations suggested that both factors are
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MINNOW CATFISH HORMONE PROG
Before NaOH treatment
Aggregation Dispersion
Insignificant effect 
because of prepotent 
influence of portion 
A of molecule
Teleost
melanophore
stimulating
Prog
melanophore
dispersing
No effect
Dispersion
After NaOH treatment.
No effect
Slight
dispersion
No effect
Slight
dispersion
—  B -
Chromatically
inactive
Potentiated
Prog
melanophore
dispersing
No effect
Very
marked
dispersion
Pig. 44. Influence of hot caustic soda treatment 
on postulated teleost melanophore-stimulating hormone. 
For further explanation see text, p. 216-217.
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produced in the same part of the pituitary, i.e. in 
the meta-adenohypophysis; this is fully consistent 
with the view that both effects are produced by one 
hormone.
Since, in the author's view, it is not possible 
to reconcile the observations made in the course of 
the present investigation, which suggest that the 
melanophore responses of teleosts are controlled by 
a single hormone, with the generally accepted view 
of a dual control, it is important to examine in more 
detail the evidence which has led to the acceptance 
of the hypothesis of a two hormone co-ordination.
This evidence falls into three categories?
1. Evidence from the time relations of colour 
change.
2. Evidence from intra-specific injection 
experiments.
3. Evidence from the effects of partial 
hypophysectomy•
The arguments used in deciding in favour of a 
bihumoural control of colour changes in vertebrates 
based on the time relations of these changes have been 
examined in detail in Chapter 14* This analysis 
shows that the time relations of colour change provide
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no evidence in favour of a two hormone co-ordination 
of melanophore responses in three out of the four 
species which have been examined in this connection.
In the fourth species, Phoxinus phoxinus, there are 
reasons for supposing that two hormones might be 
involved but, since Healey’s (1951) data are not 
available for statistical analysis, no certainty can 
be placed on such an interpretation.
Intra-specific injection experiments have been 
analysed in some detail in Chapters 3 and 4, and it 
was suggested that the results of such experiments 
are more readily interpreted in terms of differences 
in the constitution of the responding melanophores 
than in terms of the presence of antagonistic hormones 
in the material injected.
Observations on the effect of partial hypophysectomies 
made on Anguilla (Waring, 1940), Phoxinus (Healey,
1948), certain elasmobranchs (Waring, 1936, 1938) and 
on Xenopus (Hogben & Slome, 1931$ 1936) suggest that 
a melanophore-aggregating hormone is produced in the 
anterior part of the pituitary and a melanophore- 
dispersing hormone in the posterior part in all these 
chromatic vertebrates. This view is in direct 
conflict with the conclusions reached in the present
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investigation. However, Abraraowitz (1939) has 
pointed out that experiments involving removal of the 
anterior lobe of the pituitary in vertebrates may 
very well lead to disruption of parts of the brain 
as well, and to a disorganisation of the nervous 
connections between the eye and the posterior part of 
the pituitary. Dr* J. M. Dodd, in a private 
communication to the author, made the same comment 
on the results of experiments he has made on the 
removal of the pars tuberalls, the region proposed 
by Waring (1938) as the site of production of 
melanophore-aggregating hormone in elasmobranchs, in 
dogfish* It is clear that without adequate 
post-operative histological examination any interpretation 
of the results of the removal of the anterior lobe
of the pituitary must be regarded with considerable 
misgivings. Hone of the authors who have made such 
experiments have given detailed information concerning 
the damage done to the brain by their operative 
techniques.
It is the author’s view that the evidence in 
favour of a bihumoral control of teleost melanophore 
responses is insufficient to deny the possibility that 
these responses are in fact under the control of a 
single hormone. This is not to say that the present
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work provides incontrovertible evidence in favour of 
single hormone control. It is clear that much 
work remains to be done before these divergent views 
can be considered to have been satisfactorily 
reconciled. Hot least of the problems remaining 
is the nature of the minnow erythrophore-dispersing 
hormone. The evidence presented in this thesis 
suggests that, like the frog melanophore-dispersing 
hormone, it is not a separate substance but an integral 
part of a single colour change molecule. The 
difficulties of reconciling such a view with the 
observed behaviour of minnows has already been pointed 
out in Chapter 13. There are no doubt many other 
inconsistencies which require explanation and the 
author makes no claim that the interpretation of the 
results of the present investigation is the correct 
one. It does, however, seem to provide a reasonable 
explanation of the bulk of the observations which have 
been made and to suggest possible future lines of 
investigation.
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SUMMARY.
Sactiona whloh repreaent advances in knowledge 
resulting from the present investigation are marked 
with the superscript " following the number of the 
section.
1. A brief summary of previous literature is 
presented and the nature of the problems requiring 
investigation indicated. These include the question 
of the number of humoral factors controlling colour 
changes, the site of production of these factors and 
their chemical nature and relationships with the 
mammalian hormone MSH (melanocyte-stimulating hormone), 
(p. 1-13)
2. Materials and methods used in the present 
investigation are described, (p. 14 - 34)
3. The responses of teleostean chromatophores, and
in particular the melanophores, to pituitary preparations 
appear, on the basis of previous observations, to be 
unpredictable, (p. 35)
4Ï The classification of the ohromatophore responses 
of teleost fishes put forward by Piokford & Atz (1957) 
is criticised, (p. 36 - 37)
5'.' A new classification of the responses of teleost
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melanophores is proposed. This is based on the 
response of these cells to preparations of teleost 
pituitary material only and recognises three categories;
(i) Species in which the melanophores respond by 
dispersion.
(ii) Species in which the melanophores respond by 
aggregation.
(iii) Species which are apparently unresponsive.
(p. 41)
6? The melanophores of Blennius gattorugine,
Blennius pholis, Gobio gobio, Gobius minutus and 
Limanda limanda aggregate following injection of acid 
extracts of teleost pituitary material. Alkaline 
extracts either have no effect or cause melanophore 
dispersion, (p. 46)
7'.' The presence of a melanophore-aggregating
factor has been demonstrated in the pituitaries of
Gadus aeglefinus, Gadus merlangus, Limanda limanda, 
Pleuronectes platessa, Soopthalmus maximus and 
Trachurus trachurus. (p. 46)
8Ï The aggregation of melanophores in intact
black-adapted Phoxinus phoxinus resulting from 
injection of acid extracts of Pleuronectes platessa 
pituitary or of Phoxinus pituitary reaches a maximum
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in 45 minutes to 1 hour irrespective of dose and then 
decreases exponentially, returning to the initial 
equilibrium at a time related to dose. (p. 49)
9'.' Melanophores of spinal-sectioned Phoxinus are 
five times as sensitive, in terms of intensity of 
response, and twenty-five times as sensitive, in terms 
of duration of response, to injections of material 
containing a melanophore-aggregating hormone, as are 
the melanophores of intact fish. (p. 49)
10'.' Melanophores of Ameiurus disperse following
injection of acid extracts of Pleuronectes pituitary. 
The intensity and duration of response are related 
to dose. (p. 55)
11Ï Erythrophores of intact or spinal-seotioned
Phoxinus disperse following injection of acid extracts 
of Pleuronectes pituitary. The intensity and 
duration of response are related to dose. (p. 55)
12. The melanophores of,a number of amphibians, 
of the elasffiobranoh fish Urobatis and of the reptile 
Anolis respond to injections of teleost pituitary 
by dispersion, (p. 59 - 60)
13? The presence of a frog melanophore-dispersing
factor has been demonstrated in,pituitary material 
from Ameiurus sp., Gadus aeglefinus, Gadus merlangus,
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Limanda limanda, Pleuronectes platessa, Scopthalmus 
maximus. Trachurus trachurus and Trigla sp. (p. 62)
14? Melanophores of Rana temporaria disperse 
following injection of acid extracts of Pleuronectes 
pituitary. The intensity and duration of response 
are related to dose. (p. 63)
15'.' A preliminary investigation of methods for 
assay of molanophore-aggregating activity in teleost 
pituitary material has been made, using Phoxinus 
phoxinus as the test animal. Assay of melanophore- 
aggregating activity can be achieved by measurement 
of the response of the B region mi oromelanophore s of 
intact black-adapted Phoxinus to intraperitoneal 
injections of material containing the hormone.
An accuracy of ± 30% with p = 0.05 can be achieved 
by a 3 X 3 assay with 6 fish per group. The 
standard used should be an acetone-dried powder of 
teleost pituitary, and extraction for assay made in 
acid conditions, (p. 67 - 74)
16? In the pituitary of Phoxinus the level of 
minnow melanophore-aggregating and frog melanophore- 
dispersing activity in the posterior part of the gland, 
corresponding to the meta-adenohypophysis, is 4-5 times 
as hi^ as in the anterior portion. The erythrophore
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dispersing activity shows a similar distribution.
(p. 75 - 82)
17? neither minnow melanophore-aggregating, frog 
melanophore-di spersing nor minnow erythrophore- 
dispersing activity could be detected in the 
hypothalamus of Phoxinus. (p. 82 - 83)
18? It seems likely that the minnow melanophore-
aggregating, frog melanophore-dispersing and minnow 
erythrophore-dispersing factors are all products of 
the meta-adenohypophysis. (p. 85)
19? The minnow melanophore-aggregating, frog
melanophore-dispersing and minnow erythrophore- 
dispersing factors in pituitary material from 
Pleuronectes and Phoxinus are unaffected by digestion 
with pepsin but completely inactivated by digestion 
with a trypsin-like enzyme from Phoxinus viscera.
It is suggested that these factors are polypeptide 
in nature, (p. 87 - 101)
20? The influence of alkaline extraction on the
colour change factors in the pituitary of Pleuronectes 
has been examined. Alkali treatment : -
(i) abolishes the minnow melanophore-aggregating 
effect
(ii) abolishes the minnow erythrophore- 
dispersing effect
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(iii) results in the appearance of a minnow 
melanophore-dispersing effect
(iv) reduces the catfish melanophore-dispersing 
effect in intensity but not in duration.
(v) increases the frog melanophore-dispersing 
effect in intensity and duration, (p. 102 - 126)
21Ï It is suggested that the results of alkaline
treatment on the colour change factors can be 
interpreted in terms of a single hormone. This 
hormone may be a polypeptide whose function is one 
of melanophore-stimulâtion; the response elicited 
by such stimulation depends on the constitution of the 
responding melanophores. As an integral part of 
this molecule the existence is postulated of a 
heptapaptide sequence identical with, or closely 
similar to, that occurring in the mammalian horcrione 
MSH. (p. 127 ~ 129)
22Ï Experiments involving fractionation of the
colour change factors of teleost pituitary material 
with ethanol show that the minnow melanophore- 
aggregating, frog melanophore-dispersing and minnow 
erythrophore-dispersing factors are in highest 
concentration in the ethanol-soluble fraction.
(p. 130 - 148)
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23'.' The minnow melanophore-aggregating factor in
Plouroneotea pituitary material was found to be 
insoluble in acetone and in petroleum ether and 
slightly soluble in n-butanol. (p. I48 - 151)
24Ï ELectrophoretio fractionation of the colour
change factors of pituitary material from Phoxinus 
phoxinus, Pleuronectes platessa and Trachurus trachurus 
on filter paper under a wide variety of conditions 
showed that the minnow melanophore-aggregating, frog 
melanophore-dispersing and minnow erythrophore- 
disper3ing factors behave as one substance corresponding 
to a single band of ninhydrin-positive (probably 
polypeptide) material. All three factors migrated 
cathodally at pH values from less than 4.0 to 10.0.
(p. 152 - 175)
25'.' Ho separation of the colour change factors in
Pleuronectes pituitary material could be achieved by 
paper chromatography in a number of solvent systems.
(p. 176 - 178)
26? Reparation of the frog melanophore-dispersing
activity of Pleuronectes pituitary material into 
two fractions was achieved by chromatography on an 
alumina column. Tlie most potent of these fractions 
was associated with all the minnow melanophore- 
aggregating activity. It is suggested that the
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frog melanophore-dispersing fraction which was without 
minnow melanophore-aggregating activity may have been 
ACTH (adrenal oortioo-tropic hormone), (p. I79 - 181)
t
27. Removal of the pituitary from spinal-sectioned
Phoxinus results in dispersion of the melanophores 
irrespective of background. (p. 186)
28? Spinal-sectioned hypophysectomised Phoxinus
show no qualitative difference in melanophore response 
to injections of acid extracts of Pleuronectes 
pituitary material when compared with spinal-sectioned 
fish with intact pituitaries. (p. 188)
29? Evidence is presented which suggests that the 
erythrophore response of Phoxinus is stronger in fish 
adapted to black backgrounds than in white-adapted 
fish. (p. 190 - 193)
30? The 'bihumoral hypothesis' of Hogben & Slome
(1931, 1936) is oritioally examined. It is 
suggested that the arguments of these workers are based 
on an incorrect interpretation of the physiological 
faotors involved in the control of colour changes by 
hormones. Consideration of the time relations of
chromatic responses does not provide any evidence in 
favour of a dual hormone interpretation of colour 
changes in vertebrates, (p. 194 - 212)
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31? It is oonoluded that the evidence in favour 
of a bihumoral control of teleost melanophore responses 
is insufficient to deny the possibility that these 
responses are in fact under the control of one hormone. 
The author makes no claim that the interpretation of 
the results of the present investigation in terms of 
a single hormone is the correct one, but it does 
provide a reasonable e:q)lanation of the bulk of the 
observations recorded and suggests possible future 
lines of enquiry.
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APPENDIX 1.
Statistics used in the calculation of the dose-response 
regressions described in Chapter 5*
A. Response measured as M.I. reached after 1 hour.
Dose in g. 5 10 20 40
log-1 n of dose
0.6990 1.0000 1.3010 1.6021
Response = Y 4.8 4.0 3.8 3.0
3.6 3.8 2.4 1.4
3.4 3.6. 2.0 1.4
3.4 2.8 1.8 1.2
3.4 2.6 1.8 1.2
3.2 2.6 1.4 1.2
3.0 2.6 1.4 1.2
2.6 2.6 1.2 1.2
2.6 2.4 1.2 1.0
1.8 2.2 1.2 1.0
Totals 31.8 29.2 18.2 13.8
Means 3.18 2.92 1.82 1.38
SYp2 106.68 88.88 38.92 22.12
101.124 85.264 33.124 19.044
syp^ 5.556 3.616 5.796 3.076
ST = 93.0 Ÿ = 2.325 3SYp2 = 256.60
IŸ 216.225
Sy2 = 40.375
251.
Calculation of regression.
Xp Ÿp 4 " ipYp
0.6990 3.18 0.4886 2.2228 10.1124
1.0000 2.92 1.0000 2.9200 8.5264
1.3010 1.82 1.6926 2.3678 3.3124
1.6021 1.38 2.5667 2.2109 1.9044
Totals 4.(021 9.30 5.7479 9.7215 23.8556
Means 1.1505 2.325
Corrections for means 5.2947 10.6999 21.6225
Suma of squares 
products
and 0.4532 -0.9783 2.2331
b = -9-?783 
0.4532
= -2.159 E — 4.8 — iÎ.16X
Analysis of variance.
Source of variation Degrees
of
freedom
Sums of 
squares
Mean F 
square
P
a) Linear regression 1 21,12 21.12 42.14 0.001
b) Deviations from 
regression 2 1.21 0.605 1.21 0.05
o) Random sampling 36 18.044 0.5012
Totals • 39 40.374 = Sy2
Variance of slope . V^ = 0.1105 % = 0.33
252.
B. Response measured as difference between initial
M.I. and M.I. after :1 hour.
Dose in g. 5 10 20 40
Dog^o of dose 0.6990 1.0000 1.3010 1.6021
= Xp
Response = Y - 2.0 2.4 3.2 3.8
1.8 2.4 3.2 3.8
f , ■ 1.8 2.0 3.0 3.2
1.6 2.0 3.0 3.2
1.4 1.4 2.8 3.0
1.4 1.4 2.6 3.0
1.0 1.2 2.6 3.0
1.0 1.0 2.0 2.6
0.2 0.8 0.8 2.0
0.0 0.2 0.2 1.4
Totals Tp 12.2 14.8 23.4 29.0
Means Yp 1.22 1.48 2.34 2.90
SYp2 19.0 26.56 64.52 89.08
ïpŸp 14.884 21.904 54.756 84.10
Syp2 4.116 4.656 9.764 4.98
ST = 79.4 Ÿ = 1.985 3SYp2 199.16
TŸ 157.60!
Sy2 = 41.55:
253.
Calculation of regression.
Xp Ÿp ŸpYp
0.6990 1 .22 0 .4886 0.8528 1 .4884
1.0000 1 .4 8 1.0000 1.4800 2.1904
1.3010 2.34 1 .6926 3.0443 5.4756
1 .6021 2.90 2.5667 4.6461 8.4100
Totals 4 .6021 7.94 5.7479 10.0232 17.5644
Means 1.1505 1 .985
Corrections for means 5.2947 9.1352 15.7609
Sums of squares 
products
and 0.4532 0.8880 1.8035
b = 0 .8880  
e .4532
» 1 . 959 E *= 1.96X - 0.27
Analysis of variance. 
Source of variation
a) Linear regression
b) Deviations from
regression
Degrees Sums of Mean 
of squares square 
freedom
¥
c) Random sampling 
Totals
36
39 41.551
Variance of slope V^ = 0 .1441
1 17 .398 17 .398  26 .64  0 .0 0 1
2 0 .6 3 7  0 .319  0 .4 8  0 .0 5
23.516 0.6532
Sy'^
Sb = 0.38
254.
APPENDIX 2.
Electrophoresis.
A. Hanging strip apparatus.
I. Design of apparatus.
This apparatus is illustrated in Pig. 45.
Pig, 45. Hanging strip electrophoresis
apparatus. For details see text on p. 255
255.
The apparatus consists of four chambers, A, B, C and B, 
constructed from perspex. Chambers A and C are 
connected by a piece of glass tubing (E) packed with 
glass wool. Chambers B and D are similarly connected. 
In this way an electrical connection is provided between 
the pairs of chambers and the passage of electrolysis 
products from the electrode chambers (C and D) into the 
front chambers (A and B) reduced. The ends of a 
filter paper strip (F) suspended over the upright G 
dip into chambers A and B through slits cut in the 
perspex lid (H) which covers chambers A, B, C, and D. 
Electrodes (carbon rods)(J) are placed in chambers 
C and D and connected to a suitable power supply.
Finally the cover (K) is placed over the filter paper 
strip and its support so as to provide a reasonably 
uniform environment around the paper.
2. Source of current.
The B.C. stabilised power pack used in these experiments 
was of conventional design using YR 150 cold cathode 
discharge tubes to achieve a suitable level of stability. 
The circuit is illustrated in Fig. 46 on p. 256^ and 
requires no special comment.
256.
soo
soo
OUTPUT
Pig. 46. Circuit of D.C. stabilised power pack
3. Composition of buffer solutions.
a. pH 4.2 acetic-aoetate buffer.
13.25 ml. molar sodium acetate (anhydrous)
36.75 ml. molar aoetic acid
950.00 ml. distilled water.
b. pH 7.8 barbitpne-sodium barbitone buffer.
63 ml. M/25 barbitone
37 ml. M/25 sodium barbitone.
257. ;
!
pH 10.0 borate buffer.
250 ml, 0.2 M boric acid in 0.2
chloride
219.5 ml. 0.2 N HaOH
530.5 ml. distilled water.
potassium
B. Horizontal strip apparatus
Design of apparatus.
This apparatus is illustrated in Pig. 47.
B c
Pig, 47. Horizontal strip electrophoresis
apparatus. Por details see text on p. 258.
258.
This apparatus is, in effect, only a modification of 
the hanging strip apparatus, the paper being held 
horizontally instead of being draped over a vertical 
support. The paper strips (A) are held by stainless 
steel spring olips (B) which are themselves fixed to 
the walls of the apparatus by springs (C). The paper 
is thus held stretched across the apparatus. The 
ends of the paper dip into buffer vessels (D* and EM 
which are separated from the electrode vessels 
(D" and E”) by a partition. Platinum electrodes are 
used (not figured) and connection between the electrode 
vessels and the vessels into which the ends of the paper 
dip is achieved by the use of small strips of filter 
paper draped over the partition between the vessels.
In operation the whole apparatus is covered with a 
sheet of glass to provide a uniform environment around 
the filter paper strips.
(Reprinttd from Nature^ Vol. MA, pp. 2027, December 26, 1959J
Significance of the  T im e Relations of 
H um orally  Co-ordinated Chrom atic  
Responses
In the course of investigations into the nature of the 
chromactivating hormones of the teleost pituitary 1 
have had occasion to examine in detail the well-lmown 
‘bihumoral hypothesis’ first put forward by Hogben 
and Slome^, and afterwards adopted by a number of 
other workers. This hypothesis seeks to show that the 
observed time relations of humorally co-ordinated 
changes in colour are incompatible with a co-ordinating 
mechanism based on fluctuations in the level of a 
single hormone.
Hogben^ and Hogben and Landgrebe^ have shown 
that the chromatic responses of lower vertebrates are 
co-ordinated largely by the eye; they found that the 
retina was divisible into two regions, one concerned 
with the white background response ( W region) and the 
other with the black background response (B region). 
Illumination of the B region alone resulted in melano­
phore-dispersion, the black background response; 
illumination of the B  and W regions together resulted 
in melanophore-aggregation, the white background 
response. In the dark the melanophores assumed an 
intermediate condition. Experiments with hypo­
physectomized animals show that the pituitary is the 
source of hormone controlling chromatic responses; 
presumably the release of hormone from the gland is 
regulated by the appropriate regions of the retina.
Hogben and Slome^»  ^observed the time relations of 
colour change of Xenopus laevis in response to changes 
in background and illumination. They found that the 
interval hTd (notation devised by Hogben; hTd =  
time taken to pass from equilibrium on a black 
background in light to equilibrium in darkness; 
bTw =  time taken to pass from equilibrium on a black 
background in light to equilibrimn on a white back- 
goimd in light, etc.) was greater than hTw. Similarly, 
wTd  was greater than wTh. It was argued that, if a 
single hormone were involved in these changes, transi­
tion from a black to a white background in light or 
vice versa must involve the release or destruction of 
more hormone than transition from black or white 
illuminated backgrounds to darlmess ‘and must 
necessarily take longer’ Since this was not so, more 
than one hormone must be involved in the co­
ordination of the observed responses. Similar argu­
ments have been used to decide against uni-huhioral 
control of chromatic responses in Scyllium^, Anguilla^, 
and Phoxinus^.
If a single hormone (for the sake of argument a 
melanophore - dispersing hormone, B  hormone) is 
involved in the co-ordination of these responses, in 
darkness it is present at an intermediate level and the 
melanophores are partially dispersed. Maintenance of 
this intermediate level requires’ the release of hormone 
from the pituitary at a rate adequate to compensate 
for losses through elimination; and is achieved in the 
absence of retinal information.' On a white illuminated 
background the level of hormone is effectively nill 
hormone production is inhibited by the W retina; 
elements over-riding the excitatory influence of the 
B retinal elements. On a black illuminated background 
the level of hormone is high; the pituitary is actively 
excited by the B retinal elements in the absence of 
inhibition from the W retinal region.
bTw  involves the superimposing of iniiibitory 
stimuli from the W  retinal elements on to the actively 
secreting pituitary. The hormone level decreases as a 
consequence of the inhibition of pituitary activity. 
bTd involves the elimination of excitatory stimuli from 
the B  retinal elements. The hormone level decreases 
as a consequence of the cessation of stimulation of 
pituitary activity. The two situations are physiolo­
gically distinct and may not be compared. Similar 
arguments apply to comparison of wTb with wTd. 
wTb involves elimination of the inhibitory effect of 
illumination of the W retinal elements allowing the 
excitatory influence of the B  retinal elements to come 
into action; wTd  involves elimination of both inhibi­
tory and excitatory influences. Only if information 
concerning the rate at which the pituitary settles to its 
darkness equilibrium rate of secretion were available 
would it be permissible to compare the time relations 
of background reversals in light with transfers from 
illuminated conditions to darkness.
No such criticism can be made of comparisons 
between transfers from darkness to light, and back­
ground reversals in light. bTw  and dT w  both involve 
inhibition of an active pituitary. Similarly wTb and 
dTb involve excitation of the pituitary by B  retinal 
elements in the absence of inhibition. These situations 
are physiologically related.
Hogben and Slome^ consider that the one hormone 
hypothesis implies three consequences. These are :
(i) wTb >  wTd, (ii) bTw >  bTd, (in) bTw >  dTw. 
In the light of the arguments presented above only (iii) 
can be considered to be of significance.
Thanks are due to Prof. N. Millott for the provision 
of facilities, to Dr. E. G. Healey and Mr. J. D. Pye 
who have offered valuable criticism, and to the 
Department of Scientific and Industrial Research for a 
Research Fellowship.
A . K . K e n t
Department of Zoology,
Bedford College,
(University of London),
Regent’s Park,
London, N .W .l.
Sept. 17.
 ^ Hogben, L., and Slome, D., Proc. Roy. Soc., B, 108, 10 (1931).
» Hogben, L., Proc. Roy. Soc., B, 131, 111 (1942).
* Hogben, L., and Landgrebe, F., Proc. Roy. Soc., B, 128, 317 (1940).
* Hogben, L., and Slome, D., Proc. Roy. Soc., B, 120, 158 (1936).
s Waring, H., Landgrebe, F ., and Bruce, J . R., J . Exp. Biol., 18, 305 
(1942).
“ Neill, R. M., J . Exp. Biol., 17, 74 (1940).
’ Healey, E. G., J . Exp. Biol., 28, 297 (1951).
Printed in G reat Britain by M erritt & Hatcher Ltd.. London & High Wycombe
{Reprinted from Nature, Vol. 183, pp. 544-545, Feb. 21, 1959)
Distribution of Melanophore-aggregating 
H orm one  in the  Pituitary of th e  Minnow
T h e  melanophore-aggregating hormone of the 
pituitary of Oadus callarias^ and Gyprinus carpio^ has 
been shown to be concentrated in the meta-adeno- 
hypophysis (pars intermedia). In Parasilurus asotus 
the hormone is concentrated in the meso-adeno­
hypophysis {Ubergangsteiiy. Spinal-sectioned min­
nows (Phoxinus phoxinus) are able to maintain the 
white background response after hypophysectomy 
provided some of the anterior part of the pituitary 
remains after the operation but not if the whole 
pituitary is removed^.
In ventral view the minnow pituitary is seen to be 
divided into an anterior opaque region with few 
superficial blood vessels, corresponding roughly to  
the histological divisions of pro- and meso-adeno- 
hypophysis, and a less-opaque posterior region with 
considerable superficial vascularization correspond­
ing roughly with the meta-adenohypophysis (Fig. 1).
Minnows (55-65 mm. long) taken from a stock 
maintained in a white tank were decapitated and the
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Table 1
R esponse o f  B  reg ion  m e lan o ­
phores o f  b lack -adap ted  
m innow s
P itu ita ry  region
A n terio r P o ste rio r
Change in  m elanophore index U 0 1-2
1 h r . a f te r  in jec tio n 0 0 2-0
1-8 1-4
0-4 2*8
0 4 2-0
1 4 3-0
0 0 0-4
1-2 1-0
- 0-2 1-4
2 0 2-6
0 0 0-4
2 0 1-8
0 0 2-8
0 0 1 -4
0 2 2-6
M ean 0 08 1-83
s . n . 0-777 0-878
P < 0-01
pituitaries exposed by removal of the floor of the 
mouth. W ith the aid of a small piece of razor blade 
attached to a glass rod, the pituitary was swiftly 
divided into two portions with a single cut along the 
line separating the two regions described above 
(X  — X' in Fig. 1). The two portions were removed 
and separately homogenized in 0-1 ml. of distilled 
water. The procedme, from decapitation to the 
separation of the two portions, was completed in 
20—30 sec.
The whole of the homogenate was injected into the 
body cavity of black-adapted minnows (60-65 mm. 
long). The melanophore index of the region B  
micromelanophores® of each individual was read 
immediately prior to injection and again 1 hr. after 
injection. The results are summarized in Table 1. 
In 10 out of 15 cases the posterior region of the 
pituitary showed greater melanophore-aggregating 
activity than the anterior region, while in five cases 
the responses were more or less equal.
Of particular interest is the fact that the melano­
phore-aggregating activity was detectable in both  
regions of the pituitary. In view of the short period 
of time elapsing between decapitation of the fish and 
separation of the two portions of the pituitary (30 
sec.) it seems unlikely that appreciable diffusion of 
the hormone could have occurred. This suggests, 
in the light of H ealey’s observations^, that the 
melanophore-aggregating hormone is produced in the 
anterior part o f the pituitary and passed to the 
posterior part for storage.
Enam i’s observation^ that the melanophore-aggre­
gating hormone in Parasilurus has its origin in the 
nucleus lateralis tuberis of the hypothalamus suggests
that a similar arrangement m ay occur in the minnow. 
Experiments aimed at detecting melanophore-aggre­
gating activity in the minnow hypothalamus have 
been unsuccessful. While this does not preclude the 
possibility that the hormone is present in amounts 
too small to detect, it suggests that an alternative 
explanation may have to be sought to account for the 
condition in this species. The occurrence of large 
ganglion cells in the anterior part of the minnow 
neurohypophysis such as have been described in 
Sahno and Oadus and the apparent absence of a 
nucleus lateralis tuberis indicate a possible extra- 
hypothalamic source of neurosecretion. It is clear 
that further evidence is necessary before a final 
judgment can be made regarding the role o f these 
cells in the production of the melanophore-aggregating 
hormone. Experiments aimed at obtaining such 
evidence are now in progress.
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